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SUMMARY OF PROCEEDINGS OF THE 
o8TH ANNUAL MEETING 


The 58th Annual Convention of the American 
Foundrymen’s Society was held in Cleveland, May 
8-14, 1954. The Biennial Foundry and Allied Indus- 
tries Show was staged by the Society in conjunction 
with the Convention. Exhibits were displayed in the 
Cleveland Public Auditorium with 309 companies 
showing their products. This was the largest Exhibit 
in the history of the American Foundrymen’s Society. 

Credit for the excellent reception and hospitality 
received by those attending is given to the North- 
eastern Ohio Chapter of AFS under the chairmanship 
of Stephen E. Kelly, Eberhard Mfg. Co., Cleveland. 
This committee excelled in its splendid work and hos- 
pitality as host to the thousands of members and guests 
attending. 

Approximately 15,000 foundrymen, metallurgists, 
and representatives from allied industries throughout 
the United States and from 19 countries outside of 
continental United States attended the Convention. 
During the seven days of the meeting, there were 41 
technical sessions, 8 round-table luncheon meetings, 
11 shop-course sessions, 16 committee meetings and 
15 other events. 

The Charles Edgar Hoyt Lecture was delivered by 
Harry W. Dietert who spoke on “Processing Molding 
Sand.” 

A summary of the sessions held follows: 


Monday, May 10, 10:00 A.M. 
Brass AND BRONZE SESSION 
Presiding—H. J. Roast, Consultant, Ottawa, Canada. 
Vice-Chairman—R, A. Colton, Federated Metals Div., Ameri- 
can Smelting & Refining Co., Barber, N. J. 
Secretary—T. E. Gregory, Michigan Smelting & Refining Div., 
Bohn Aluminum Corp., Detroit. 
Ornamental Yellow Brass Castings Gated for Greater Economy 
—C. L. Mack, Chautauqua Hardware Corp., Jamestown, N. Y. 
Some Experiences in the Shell Molding of Copper-Base Alloys 
—S. S. Brown and H. K. Worner, Shellmould Div. of W. O. & 
B. Adams Pty., Ltd., Melbourne, Australia— (Presented by B. 
N. Ames, Doran Manganese Bronze Corp., Brooklyn, N. Y.) 


Monday, May 10, 10:00 A.M. 

LiGHT METALS SESSION 
Presiding—R. T. Wood, Aluminum Co. of America, Pitts- 
burgh, Pa. 

Vice-Chairman and Secretary—W. D. Danks, Howard Foundry 
Co., Chicago. 

Gating and Risering of Magnesium Alloys—H. E. Elliott, The 
Dow Chemical Co., Bay City, Mich. 

Segregation in Magnesium—Rare Earth—Zinc—Zirconium 
Alloys—H. M. Skelly, Aluminum Laboratories, Ltd. Kingston, 
Ont., Canada and D. C. Sunnucks, Aluminum Co. of Canada, 
Ltd., Montreal. 

Beryllium in Magnesium Die Casting Alloys—F. L. Burkett, 
The Dow Chemical Co., Midland, Mich. : 


Monday, May 10, 10:00 A.M. 
MALLEABLE SESSION 


Presiding—R. V. Osborne, Lakeside Malleable Castings Co., 


Racine, Wis. 


Vice-Chairman—H. C. Stone, Belle City Malleable Iron Co., 


Racine, Wis. 

Secretary—H. C. Stone. 

On the Effect of Plastic Deformation of Hard Iron on Subse- 
quent Annealing—W. K. Bock, National Malleable & Steel Cast- 
ings Co., Cleveland. 

The Prebaking Effect in Malleablizing—Floyd Brown, North 
Carolina State College, Raleigh, N. C. 


Monday, May 10, 12:00 Noon 
LigHT METALS RouND TABLE LUNCHEON 

Presiding—W. E. Sicha, Aluminum Co. of America, Cleveland. 

Vice-Chairman—R. F. Thomson, General Motors Research 
Laboratories, Detroit. 

The Principles of Vertical Gating—Progress Report Light 
Metals Research—J. G. Kura, Battelle Memorial Institute, Co- 
lumbus, Ohio. 

Transparent Plastic Mold Models for Study of Fluid Flow 
Characteristics in Investment Molds—D. G. McCullough, F. J. 
Webbere, and R. F. Thomson, General Motors Research Labora- 
tories, Detroit. 


Monday, May 10, 2:00 P.M. 
BRASS AND BRONZE SESSION 

Presiding—F. L. Riddell, H. Kramer & Co., Chicago. 

Vice-Chairman—A. W. Bardeen, Ohio Brass Co., Mansfield, 
Ohio. 

Secretary—D. G. Schmidt, H. Kramer & Co., Chicago. 

Subject—Research in Progress. 

Research in Progress for the Bureau of Ships, Dept. of the 
Navy—W. H. Baer, Bureau of Ships, Navy Dept., Washington, 
D. C. 

Valve Stem Dezincification—R. H. Hanlon, Kennedy Valve 
Mfg. Co., Elmira, N. Y. 

Pressure Molding for Copper-Base Alloys—T. E. Barlow, East- 
ern Clay Products Dept. of International Minerals & Chemical 
Corp., Chicago. 

Melt Quality Tests for Bronze Alloys—H. F. Taylor Massa- 
chusetts Institute of Technology, Cambridge, Mass. 


Monday, May 10, 2:00 P.M. 
PATTERN SESSION 

Presiding—E. T. Kindt, Kindt-Collins Co., Cleveland. 

Vice-Chairman—G. E. Garvey, City Pattern & Foundry Co., 
South Bend, Ind. 

Secretary—G. E. Garvey. 

Investment Casting by the Frozen Mercury Process—I. R. 
Kramer, Mercast Corp., New York N. Y. 

Blow-In Driers—R. W. Wendt, Indus«_ial Pattern & Mfg. Co., 
Inc., Chicago. 


Monday, May 10, 2:00 P.M. 
MALLEABLE SESSION 
Presiding—W. A. Kennedy, Grinnell Co., Inc., Providence, 
Rm. ¥. 
Vice-Chairman—G. B. Mannweiler, Eastern Malleable Iron 
Co., Naugatuck, Conn. 
Secretary—G. B. Mannweiler. 
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SUMMARY OF PROCEEDINGS 


Some Effects of Melting Furnace Atmospheres on Tensile 
Properties and Annealability of Malleable Iron—Progress Report 
Malleable Research, R. W. Heine, University of Wisconsin, 
Madison. 

Strength of Some White Irons in the Temperature Range of 


- Hot Tearing—J. P. Frenck and R. W. Heine, University of Wis- 


consin, Madison. 


Monday, May 10, 4:00 P.M. 
BRASS AND BRONZE SHOP COURSE 
Presiding—M. G. Dietl, The Schaible Co., Cincinnati. 
Vice-Chairman—A. E. Jacobson, Jr., Grand Haven Brass Co., 
Grand Haven, Mich. 

Subject—Core Boxes, Ovens and Driers. 

Core Boxes and Driers—R. W. Wendt, Industrial Pattern 
Works, Chicago. 

Core Ovens—C. H. Barnett, Foundry Equipment Co., Cleve- 
land. 


Monday, May 10, 4:00 P.M. 
Light METALS SESSION 

Presiding—D. L. LaVelle, American Smelting & Refining Co., 
South Plainfield, N. J. 

Vice-Chairman and Secretary—F. P. Strieter, The Dow Chem- 
ical Co., Midland, Mich. 

New Aluminum Die Casting Alloys—D. L. Colwell and E. 
Trela, Apex Smelting Co., Cleveland. 

Mechanical Properties of Aluminum Die Casting Alloys—cC. O. 
Smith, Aluminum Research Laboratories, Aluminum Co. of 
America, New Kensington, Pa. 

Some Factors Affecting Fatigue Strength of Aluminum Alloy 
Sand Castings—Marshall Holt, Aluminum Research Laboratories, 
Aluminum Co. of America, New Kensington, Pa. 


Monday, May 10, 4:00 P.M. 
MALLEABLE SHOP COURSE 
Presiding—Milton Tilley, National Malleable & Steel Castings 
Co., Cleveland. 
Vice-Chairman—W. M. Albrecht, Chain Belt Co., Milwaukee. 
Subject—Melting Malleable Iron. 
Cupola Melting Fundamentals—R. W. Heine, University of 
Wisconsin, Madison. 
Cupola Melting at Belle City Malleable—Frank Lopour, Belle 
City Malleable Iron Co., Racine, Wis. 
Cupola Melting at Auto Specialties—R. H. Greenlee, Auto 
Specialties Mfg. Co., St. Joseph, Mich. 


Monday, May 10, 8:00 P.M. 
GRAY IRON SHOP COURSE 
Presiding—H. H. Wilder, Vanadium Corp. of America, Detroit. 
Vice-Chairman—E. J. Burke, Hanna Furnace Corp., Buffalo, 
M.. ¥. 
Subject—Coke Screening and Its Relation to Cupola Operation. 
Discussion Leader—W. W. Holden, Eaton Mfg. Co., Vassar, 
Mich. 


Monday, May 10, 8:00 P.M. 
SAND SHOP COURSE 

Presiding—R. H. Olmsted, Whitehead Brothers Co., Conneaut, 
Ohio. 

Vice-Chairman—Robert Fredrickson, Saginaw Malleable Iron 
Plant, Central Foundry Div., GMG, Saginaw, Mich. 

Moderator—C. A. Sanders, American Colloid Co., Chicago. 

Panel Members—D. L. LaVelle, American Smelting & Refining 
Co., South Plainfield, N. J.; W. M. Ball, Jr., R. Lavin & Sons, 
Chicago, Ill.; Eric Welander, John Deere Malleable Works, East 
Moline, Ill. 

Subject—Fundamentals of Sand Control. 


Tuesday, May 11, 10:00 A.M. 
BRASS AND BRONZE SESSION 
Presiding—H. L. Smith, Federated Metals Div., American 
Smelting & Refining Co., Pittsburgh, Pa. 
Vice-Chairman—R. J. Sahm, Jr., Lava Crucible-Refractories 
Co., Chicago. 
Secretary—H. C. Ahl, Jr., Down River Casting Co., Rockwood, 
Mich. 
Application of Chills to Improving the Pressure Tightness of 
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Gun Metal (88-8-4)—W. H. Johnson, H. F. Bishop and W. S. 
Pellini, Metallurgy Division, Naval Research Laboratory, Wash- 
ington, D. C. 

Some Factors Affecting Metal Penetration of Navy M Bronze 
in Cores—R. B. Fischer, Ingersoll-Rand Co., Phillipsburg, N. J. 


Tuesday, May 11, 10:00 A.M. 
LicHt METALS SESSION 

Presiding—R. F. Cramer, General Electric Co., Schenectady, 
N.Y. 

Vice-Chairman—k. B. Bly, Fabricast Div., GMC, Bedford, Ind. 

Secretary—K. B. Bly. 

Effect of Centrifugal Force on the Structure and Mechanical 
Properties of Aluminum Casting Alloy C4—O. Z. Rylski, A. 
Couture, and J. W. Meier, Dept. of Mines & Technical Surveys, 
Ottawa, Ont., Canada. 

Techniques for Improving the Strength and Ductility of 
Aluminum Alloy Castings—W. D. Walther, C. M. Adams and 
H. F. Taylor, Massachusetts Institute of Technology, Cambridge, 
Mass. 


Tuesday, May 11, 10:00 A.M. 
MALLEABLE SESSION 

Presiding—W. D. McMillan, International Harvester Co., Chi- 
cago. 

Vice-Chairman—Richard Schneidewind, University of Michi- 
gan, Ann Arbor, Mich. 

Secretary—Richard Schneidewind. 

The Graphitization of Rims in Malleable Iron—H. A. 
Schwartz and J. D. Hedberg, National Malleable & Steel Cast- 
ings Co., Cleveland. 

The Effect of Atmospheres on the Rate of Anneal of Black 
Heart Malleable Iron—J. E. Rehder, Canada Iron Foundries, 
Ltd., Montreal, Canada. 


Tuesday, May 11, 10:00 A.M. 
PATTERN SESSION 

Presiding—V. C. Reid, City Pattern Foundry & Machine Co., 
Detroit. 

Vice-Chairman—J. W. Costello, American Hoist & Derrick Co., 
St. Paul. 

Secretary—J. W. Costello. 

Pattern Equipment for Shell Molding—O. C. Bueg, Arrow 
Pattern & Engineering Co., Erie, Pa. 

Use of Plastics in Pattern Making—W. C. H. Dunn, Western 
Pattern Works, Inc., Montreal, Que., Canada. 


Tuesday, May 11, 10:00 A.M. 
INDUSTRIAL ENGINEERING SESSION 

Presiding—J. J. Farkas, Cincinnati Milling Machine Co., Cin- 
cinnati. 

Vice-Chairman—Dean Van Order, Burnside Steel Foundry 
Co., Chicago. 

Secretary—Dean Van Order. 

Time Distance Charts—Analysis of Work Content, Time, Dis- 
tance and Speed at Conveyor Stations—H. W. Bielefeld, Ford 
Motor Co. of Canada, Ltd., Windsor, Ont., Canada. 

Educating Management to a Valuable Tool- -John Taylor, 
Chicago. Presented by E. W. Noakes, Lester B. Knight & As- 
sociates, Inc., Chicago. 


Tuesday May 11, 12:00 Noon 
BrRAss AND BRONZE RouND TABLE LUNCHEON 
Presiding—B. A. Miller, Crown Non-Ferrous Foundry, Inc., 
Chester, Pa. ‘ 
Vice-Chairman—H. L. Smith, Federated Metals Div., Ameri- 
can Smelting & Refining Co., Pittsburgh, Pa. 
Subject—Toward Improved Foundry Practice. 


Tuesday May 11, 12:00 Noon 
EDUCATION Division Rounp TABLE LUNCHEON 

Presiding—W. J. Hebard, Continental Foundry & Machine 
Co., East Chicago, Ind. 

Vice-Chairman—W. H. Ruten, Polytechnic Institute of Brook- 
lyn, Brooklyn, N. Y. 

Speaker—B. C. Yearley, National Malleable & Steel Castings 
Co., Cleveland. 

Subject—Human Engineering. 
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Tuesday May 11, 12:00 Noon 
MALLEABLE RounpD TABLE LUNCHEON 

Presiding—J. H. Lansing, Malleable Founders’ Society, Cleve- 
land, Ohio. 

Speakers—L. E. Emery, Marion Malleable Iron Co., Marion, 
Ind.; E. T. Price, Cadillac Malleable Iron Co., Cadillac, Mich. 

Subject—Effective Use of Melting Controls in Duplex and 
Direct Furnace Melting. 


Tuesday May 11, 12:00 Noon 
SAND Rounp TABLE LUNCHEON 
Presiding—F. S. Brewster, Harry W. Dietert Co., Detroit. 
Vice-Chairman—O. J. Myers, Archer-Daniels-Midland Co., 
Minneapolis. 
Subject—What’s In the Future. (5-minute talks by all Sand 
Division Committee Chairmen). 


Tuesday May 11, 12:00 Noon 
GRAY IRON FOUNDERS’ SOCIETY, PROGRAM 
EVALUATION COMMITTEE 


Tuesday May 11, 2:00-5:00 P.M. 
Licht METALS SESSION 

Presiding—O. W. Simmons, Rem-Cru Titanium, Inc., Mid- 
land, Pa. 

Vice-Chairman—Paul D. Frost, Battelle Memorial Institute, 
Columbus. 

Secretary—Paul D. Frost. 

A Bottom-Pour, Arc Type Furnace for the Melting and Cast- 
ing of Titanium—O. W. Simmons, Rem-Cru Titanium Corp., 
H. R. McCurdy and R. E. Edelman, Putman-Dunn Laboratories, 
Frankford Arsenal, Philadelphia. 

Mechanical Properties of Cast Titanium-Adluminum Alloys— 
R. E. Edelman and A. Tabak, Pitman-Dunn Laboratories, 
Frankford Arsenal, Philadelphia. 

Expendable Molds for Titanium Castings—R. M. Lang, J. 
Gissy, G. H. Schippereit and J. G. Kura, Battelle Memorial In- 
stitute, Columbus. 

Techniques for Producing Titanium Alloy Castings—M. Glas- 
senberg and M. J. Berger, Armour Research Foundation, Chi- 
cago. 


Tuesday, May 11, 2:00 P.M. 
EDUCATION SESSION 

Presiding—F. W. Shipley, Caterpillar Tractor Co., Peoria, III. 

Vice-Chairman—W. F. Graden, Simonds Abrasive Co., Phil- 
adelphia. 

Secretary—J. J. DeHart, Lynchburg Foundry Co., Lynchburg, 
Va. 

Subject—In-Plant Training. 

Speakers—D. F. Lane, National Foreman’s Institute, Inc., New 
York, N. Y., Developing All Levels of Management; Arthur 
Agostini, Grede Foundries, Inc., Milwaukee, A Short Course in 
Foundry Skills. 


Tuesday, May 11, 2:00 P.M. 
PLASTER Mop CAsTING SEssION 

Presiding—H. Rosenthal, Pitman-Dunn Laboratories, Frank- 
ford Arsenal, Philadelphia. 

Vice-Chairman—G. R. Gardner, Cleveland Research Div., 
Aluminum Co. of America, Cleveland. 

Secretary—G. R. Gardner. 

Improving the Thermal Conductivity and Economy of Foam 
Plaster Molds—R. F. Dalton, Hills-McCanna Co., Chicago. 

Some Practical Applications for Expansion Plaster—O. H. 
Harer, Scientific Cast Products Corp. of Illinois, Chicago. 

History and Development of Plaster Mold Castings—K. A. 
Miericke, Baroid Sales Div., National Lead Co., Chicago. 


Tuesday, May 11, 2:00-5:00 P.M. 
Dust CONTROL AND VENTILATION SESSION 

Presiding—R. S. Dahmer, Foundry Div., Eaton Mfg. Co., 
Vassar, Mich. 

Vice-Chairman—W. W. Dodge, Plant Engrg. Dept., Cater- 
pillar Tractor Co., Peoria, Ill. 

Secretary—A. S. Lundy, Claude B. Schneible Co., Detroit. 

Subject—Helpful Hints on Foundry Dust and Ventilation 
Control. 


58TH ANNUAL AFS MEETING 


Progress Report—AFS Safety, Hygiene & Air Pollution Control 
Program—J. R. Allan, International Harvester Co., Chicago. 
Foundry Hygiene Problems—H. J. Weber, Medical Dept., Amer- 
ican Brake Shoe Co., Chicago. 

Principles of Foundry Ventilation (A Demonstration)—B. B. 
Bloomfield, Div. of Occupational Health, Michigan Department 
of Health, Lansing. 

Principles of Exhaust Ventilation—W. W. Dodge, Plant Engrg. 
Dept., Caterpillar Tractor Co., Peoria, Ill. 

Ventilation of Sand Handling Equipment—F. C. Fluegge, In- 
dustrial Engrg. & Construction Dept., International Harvester 
Co., Chicago. 

Cooling of Castings—T. J. Glaza, Crane Co., Chicago. 

Principles of Effective Maintenance of Foundry Ventilation 
and Dust Collecting Equipment—kK. M. Smith, Caterpillar Trac- 
tor Co., Peoria, Ill. 


Tuesday, May 11, 2:00 P.M. 
INDUSTRIAL ENGINEERING SESSION 

Presiding—C. J. Pruet, McWane Cast Iron Pipe Co., Birm- 
ingham, Ala. 

Vice-Chairman—R. E. Evert, Eaton Mfg. Co., Foundry Div., 
Vassar, Mich. 

Secretary—R. E. Evert. 

An Incentive Plan for “Line” Supervisors—E. D. Bolden, West- 
over Engineers, Milwaukee. 

A Measured Daywork Program—L. W. Lehmann, John Deere 
Van Brunt Co., Horicon, Wis. 


Tuesday, May 11, 4:00 P.M. 
Brass AND BRONZE SHOP COURSE 
Presiding—M. G. Dietl, The Schaible Co., Cincinnati. 
Vice-Chairman—A. E. Jacobson, Jr., Grand Haven Brass Co., 
Grand Haven, Mich. 

Subject—Developments in Core Making. 

Practical Know-How of Core Blowing and Machine Main- 
tenance—G. E. Miller, The Osborn Mfg. Co., Cleveland. 

Oil-Bonded and Resin-Bonded Cores—W. B. Bishop, Archer- 
Daniels-Midland Co., Cleveland. 


Tuesday, May 11, 4:00 P.M. 
MALLEABLE SHOP COURSE 

Presiding—Eric Welander, John Deere Malleable Works, East 
Moline, IIl. 

Vice-Chairman—Wnm. Zeunik, National Malleable & Steel Cast- 
ings Co., Indianapolis, Ind. 

Subject—Malleable Annealing Practice. 

Panel Members—J. T. Bryce, Albion Malleable Iron Co., Al- 
bion, Mich.; F. W. Jacobs, Texas Foundries, Inc., Lufkin, Texas; 
L. R. Jenkins, Wagner Malleable Iron Co., Decatur, Ill. 


Tuesday, May 11, 4:00 P.M. 
EDUCATION SESSION 

Presiding—F. F. Sefing, International Nickel Co., New York, 
N. ¥. 

Vice Chairman—E. M. Strick, Erie Malleable Iron Co., Erie, 
Pa. 

Secretary—G. J. Barker, University of Wisconsin, Madison. 

Subject—Panel Discussion—What Does the Foundry Industry 
Want AFS to Do in Educational Work on the Local Chapter 
Level? 

Panel Members—R. M. Reese, Supervisor of Trade and In- 
dustrial Education, State of Ohio, Columbus; H. E. Mandel, 
Pennsylvania Foundry Supply and Sand Co., Philadelphia, Pa.; 
E. M. Strick, Erie Malleable Iron Co., Erie, Pa.; B. C. Yearley, 
National Malleable & Steel Castings Co., Cleveland; A. B. Sin- 
nett, American Foundrymen’s Society, Chicago. 





Tuesday, May 11, 4:00 P.M. 
LigHt METALS SESSION 
(Continued from 2:00 P.M. Session) 


Tuesday, May 11, 4:00 P.M. 
Dust CONTROL AND VENTILATION SESSION 
(Continued from 2:00 P.M. Session) 
Tuesday, May 11, 6:00 P.M. 
CANADIAN DINNER 
Presiding—G. Ewing Tait. 
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Tuesday, May 11, 8:00 P. M. 
Gray IRon SHOP Course 
Presiding—K. H. Priestly, Vassar Electroloy Products, Inc., 
Vassar, Mich. 
Vice-Chairman—L. L. Clark, Armour Research Foundation, 
* Chicago. 
Subject—Gating to Control Pouring Rate and Its Effect on 
Casting Quality. 
Discussion Leader—F. J. McDonald, Central Foundry Div., 
GMG, Saginaw, Mich. 


Tuesday, May 11, 8:00 P. M. 
SAND SHOP COURSE 

Presiding—F. S. Brewster, Harry W. Dietert Co., Detroit. 

Moderator—C. A. Sanders, American Colloid Co., Chicago. 

Panel Members—W. R. Jennings, John Deere Tractor Co., 
Waterloo, Iowa; L. E. Wile, Lynchburg Foundry Co., Lynch- 
burg, Va.; J. W. Clarke, General Electric Co., Erie, Pa. 

Subject—Fundamentals of Sand Control. 


Wednesday, May 12, 9:30 A.M. 
AFS ANNUAL BusINEess MEETING 

Presiding—AFS National President, Collins L. Carter, Albion 
Malleable Iron Co., Albion, Mich. 

President Carter called the meeting to order as the Annual 
Business meeting of the American Foundrymen’s Society. Presi- 
dent Carter then read a congratulatory letter from Australian 
foundrymen. Following this he presented the President’s 
Annual Address. See page xiii. 

Following this presentation President Carter called on Gen- 
eral Manager Wm. W. Maloney who reported on the nomina- 
tions of Officers and Directors for the coming year and stated 
that no additional nominees had been received in accordance 
with the procedure prescribed in Art. X of the Society By-Laws. 
He therefore cast the unanimous ballot of the membership of 
AFS for the election of the following: 


President (to serve one year): 
Frank J. Dost, Sterling Foundry Co., Wellington, Ohio. 


Vice-President (to serve one year): 
Bruce L. Simpson, National Engineering Co., Chicago. 


Directors (to serve three years): 

Frank C. Cech, Cleveland Trade School, Cleveland. 

L. H. Durdin, Dixie Bronze Co., Birmingham, Ala. 

B. G. Emmett, Los Angeles Steel Castings Co., Los Angeles. 
W. M. Hamilton, Crane Co., Chattanooga, Tenn. 

W. A. Morley, Link-Belt Co., Olney Foundry, Philadelphia. 
E. R. Oeschger, General Electric Co., Schenectady, N. Y. 
Harold L. Ullrich, Foundry Engineer, Livingston, N. J. 


Director (to serve one year): 

Collins L. Carter, Albion Malleable Iron Co., Albion, Mich. 

Following announcement of elections, President Carter intro- 
duced the newly elected Officers and Directors present. 


Following this presentation President Carter called on General 
Manager Wm. W. Maloney who announced the 1954 AFS Ap- 
prentice Contest winners as follows: 


Gray Iron Molding Division 

Ist—William E. Morehead, Caterpillar Tractor Co., Peoria, Ill. 
(Was awarded same prize last year). 

2nd—George J. Ryan, Brown & Sharpe Mfg. Co., Providence, 
= 
3rd—Isaiah Doll, The Hill Acme Co., Cleveland, Ohio. 


Steel Molding Division 

Ist—Robert J. Luckenbill, Dodge Steel Co., Philadelphia, Pa. 
(Was awarded same prize last year). 

2nd Max Wm. Koenigshof, Clark Equipment Co., Buchanan, 
Mich. 

3rd—Richard F. Bernier, Bucyrus-Erie Co., So. Milwaukee, 
Wis. 
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Non-Ferrous Molding Division 

Ist—Donald R. Tetzlaff, Allis-Chalmers Mfg. Co., West Allis, 
Wis. 

2nd—Allen C. Bergadine, General Magnesium Foundries, 
Belleville, Tl. 

3rd—Le .oy J. Moczynski, Nordberg Mfg. Co., Milwaukee, 
Wis. 

Wood Pattern Division 

Ist—Steve A. Simon, Jr., Master Pattern Co., Cleveland, Ohio. 

2nd—Lewis Backus, Cleveland Standard Pattern Works, Inc., 
Cleveland, Ohio. ° 

3rd—John T. Farrington, Brown & Sharpe Mfg. Co., Provi- 
dence, R. I. 

Metal Pattern Division 

Ist—Herbert J. Tidik, Ford Motor Co. Cleveland Foundry, 
Berea, Ohio. 

2nd—Wm. M. Piotrowski, City Pattern Foundry & Machine 
Co., Detroit, Mich. 

3rd—John S. Bolibrush, Motor Patterns Co., Cleveland, Ohio. 

The Society arranged to have the five first-prize winners pres- 
ent at the Convention and to receive their awards in person. The 
first-prize winners were called to the platform and President 
Carter presented each with the first prize, a check for $100.00 
and an engraved Certificate of Award prefaced by a few words 
of commendation and encouragement. 

President Carter next introduced Harry W. Dietert who de- 
livered the Charles Edgar Hoyt Lecture entitled “Processing 
Molding Sand”, which appears in this volume on pages 1-32. 


Wednesday, May 12, 12:00 Noon 
Gray IRON RouNnp TaBLe LUNCHEON 

Presiding—J. S. Vanick, International Nickel Co., New York, 
..%. 

Vice-Chairman—C. K. Donoho, American Cast Iron Pipe Co., 
Birmingham, Ala. 

Subject—Looking Back. 

Speakers—L. N. Shannon, Stockham Valves & Fittings, Inc., 
Birmingham, Ala.—High Lights of Our European Trip; J. E. 
Rehder, Canada Iron Foundries, Ltd., Montreal, Que., Canada— 
European Metallurgy and Melting Practice; F. M. Kulka, Motor 
Castings Co., Milwaukee—European Molding, Core Making and 
Production Equipment. 


Wednesday, May 12, 12:00 Noon 
PATTERN RouND TABLE LUNCHEON 

Presiding—A. F. Pfeiffer, Allis-Chalmers Mfg. Co., Milwaukee. 

Vice-Chairman—H. J. Jacobson, Industrial Pattern Works, 
Chicago. 

Subject—Accuracy and Tolerances for Patterns. 

Speaker—George Webber, Webber Gage Co., Cleveland. 

Panel Discussion—Pattern Development and Problems. (Ques- 
tion and Answer Period). 


Wednesday, May 12, 2:00 P.M. 
STEEL SESSION 

Presiding—C. H. Wyman, Burnside Steel Foundry Co., Chicago. 

Vice-Chairman & Secretary—J. A. Rassenfoss, American Steel 
Foundries, East Chicago, Ind. 

Subject—Hot Tearing of Steel Castings. 

The Stress Required) to Hot Tear Plain Carbon Cast Steel: 
Effects of Tearing Temperature, Composition and Deoxidation 
Practice—H. K. Bhattacharya, C. M. Adams, Jr., and H. F. Tay- 
lor, Massachusetts Institute of Technology, Cambridge, Mass. 

Influence of Core Material on Hot Tearing of Steel Castings— 
Progress Report, Steel Research Committee—C. H. Wyman, 
Chairman, Burnside Steel Foundry Co., Chicago. 

Report on Metallurgical Investigation at Armour Research 
Foundation—L. L. Clark, Armour Research Foundation, Chicago. 

Panel Discussion—H. H. Blosjo, Minneapolis Electric Steel 
Castings Co., Minneapolis, Minn.; J. B. Caine, Consultant, Cin- 
cinnati, Ohio; Charles Locke, West Michigan Steel Castings Co., 
Muskegon, Mich.; W. S. Pellini, Naval Research Laboratory, 
Washington, D. C.; J. A. Rassenfoss, American Steel Foundries, 
East Chicago, Ind.; C. M. Adams, Jr., Massachusetts Institute 
of Technology, Cambridge, Mass.; C. J. Zilch, Bucyrus-Erie Co., 
South Milwaukee, Wis.; D. C. Zuege, Sivyer Steel Casting Co., 
Milwaukee; B. C. Yearley, National Malleable & Steel Castings 
Co., Cleveland. 








Wednesday, May 12, 2:00 P.M. 
SAND SESSION 

Presiding—E. L. Buchanan, Ford Motor Co., Cleveland Foun- 
dry Div., Cleveland. 

Vice-Chairman and Secretary—T. Giszczak, Central Foundry 
Div., Defiance Plant, GMC Defiance, Ohio. 

Another Look at Sand Grain Distribution—B. H. Booth, Car- 
penter Brothers, Inc., Milwaukee and C. A. Sanders, American 
Colloid Co., Chicago. 

Fundamentals Make Better Castings—L. L. Clark, Armour 
Research Foundation, Chicago. 

Zircon Sands—Occurrence and Uses in Australian Industry— 
Paul Markwell, McLean Castings, Ltd., Sydney, Australia—Offi- 
cial Exchange Paper from Institute of Australian Foundrymen, 
New South Wales Division—(Presented by R. W. Bennett, 
Walter Gerlinger, Inc., Milwaukee.) 


Wednesday, May 12, 2:00 P.M. 
HEAT TRANSFER SESSION 

Presiding—W. A. Mader, Oberdorfer Foundries, Inc., Syracuse, 
N. Y. 

Vice-Chairman and Secretary—H. F. Bishop, Naval Research 
Laboratories, Washington, D. C. 

Solidification of Finite Cylinders—Heat Transfer Research 
Progress Report—V. Paschkis, Columbia University, New York, 
N. Y. 

Heat Transfer Characteristics of Shell Molds—R. E. Morey, H. 
F. Bishop and W. S. Pellini, Naval Research Laboratories, Wash- 
ington, D. C. 

Solidification of Various Metals in Sand and Chill Molds— 
F. A. Brandt, H. F. Bishop and W. S. Pellini, Naval Research 
Laboratories, Washington, D. C. 


Wednesday, May 12, 2:00 P.M. 
REFRACTORIES SESSION 

Presiding—W. R. Jaeschke, Whiting Corp., Harvey, Ill. 

Vice-Chairman—R. A. Witschey, A. P. Green Fire Brick Co., 
Chicago. 

Secretary—R. A. Witschey. 

Economic Considerations in Refractory Ladle Practice—J. H. 
Rickey, Jr., The Ironton Fire Brick Co., Ironton, Ohio. 

Correlation of Air Furnace Bottom Temperature to Refrac- 
tory and Operating Practice in a Cupola-Air Furnace Duplex 
System—Part II—F. W. Jacobs and E. C. Ashley, Texas Found- 
ries, Inc., Lufkin, Texas. 


Wednesday, May 12, 4:00 P.M. 
PLANT AND PLANT EQUIPMENT SESSION 

Presiding—James Thomson, Continental Foundry & Machine 
Co., East Chicago, Ind. 

Vice-Chairman—H. W. Johnson, Wells Mfg. Co., Skokie, Il. 

Secretary—H. W. Johnson. 

The Development of Cupola Melting Equipment—wW. R. 
Jaeschke, Whiting Corp., Harvey, Ill. 

Cupola Dust Collectors—D. E. Gilchrist, Deere & Co., Moline, 
Ill. 


Wednesday, May 12, 4:00 P.M. 
GRAY IRON SESSION 

Presiding—V. A. Crosby, Climax Molybdenum Co., Detroit. 

Vice-Chairman—W. C. Jeffery, University of Alabama, Uni- 
versity, Ala. 

Secretary—W. C. Jeffery. 

Studies on the Machinability and Miscrostructure of Cast 
Trons—E. A. Loria, The Carborundum Co., Niagara Falls, N. Y. 

The Machining Characteristics of Cast Irons—Michael Field 
and J. F. Kahles, Metcut Research Associates, Cincinnati. 

Fluidity vs. Core Blows in Automotive Gray Iron—A. A. 
Evans, International Harvester Co., Indianapolis, Ind. 


Wednesday, May 12, 4:00 P.M. 
SAFETY SESSION 

Presiding—J. W. Young, International Harvester Co., Chicago. 

Vice-Chairman—P. W. Olson, Eaton Mfg. Co., Foundry Div., 
Vassar, Mich. 

Secretary—P. W. Olson. 

Value of the Safety Program to the Foundry—E. C. Hoenicke, 
Eaton Mfg. Co., Foundry Div., Detroit, Mich. 
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The Camera Aids Our Housekeeping & Inspection Program— 
Harold Zuehlke, Allis-Chalmers Mfg. Co., Milwaukee. 

Training in Accident Prevention—T. A. Kraklow, Deere & 
Co., Moline, Ill. 

Protective Equipment—R. L. Berger, Belle City Malleable 
Iron Co., Racine, Wis. 

Safety Is Good Business—(Slides and Narration)—Gordon 
White, Central Foundry Div., General Motors Corp., Detroit. 

Round Table Discussion—What’s the Big Problem in Your 
Safety Program? 

Wednesday, May 12, 4:00 P.M. 
SAND SESSION 

Presiding—John Perkins, Ford Motor Co. of Canada, Ltd.., 
Windsor, Canada. 

Vice-Chairman—F. W. Jacobs, Texas Foundries, Inc., Lufkin, 
Texas. 

Secretary—J. S. Schumacher, Hill & Griffith Co., Cincinnati. 

Casting Quality as Related to the pH Value of Molding Sands 
—G. J. Grott, Unitcast Corp., Toledo, Ohio. 

Food for Thought: What is Basic to the Selection and Mull- 
ing of Synthetic Sands?—C. E. Wenninger, National Engineer- 
ing Co., Chicago. 

Pre-Mixing of Reconditioning Materials for Molding Sand- 
Burdette Jones, John Deere Waterloo Tractor Works, Water- 
loo, Iowa. 


Wednesday, May 12, 7:00 P.M. 
AFS ANNUAL BANQUET 

Presiding—Collins L: Carter, President, American Foundry- 
men’s Society. 

The Annual AFS Banquet of the Society’s 58th Annual Con- 
vention was called to order by President Collins L. Carter. 
Following singing of the National Anthem by those in atten- 
dance President Carter introduced Past President Fred J. Walls, 
Chairman of the AFS Board of Awards who ‘presented Honorary 
Life Memberships and AFS Gold Metal Awards as follows: 


HoNorARY LIFE MEMBERSHIPS IN AFS 


Awarded to Leroy Palmer Robinson, Vice-President, Foundry 
Div., Archer-Daniels-Midland Co., Cleveland, “For outstanding, 
long-sustained service to the Society and its chapters, and fon 
singular contributions to the improvement of foundry core 
room practice.” 

Awarded to Earl Merton Strick, Finishing Supt., Erie Mallea 
ble Iron Co., Erie, Pa., “For outstanding work in the develop- 
ment and encouragement of foundry interest at the secondary 
school level through the medium of local chapters.” 

Awarded to Collins L. Carter, President and General Man 
ager, Albion Malleable Iron Co., Albion, Mich., “On completion 
of his term of office as President of American Foundrymen’s 
Society.” 

THE JosEPH S. SEAMAN GOLD MEDAL 


Awarded to Thomas Evan Eagan, Chief Research Metallurgist, 
Cooper-Bessemer Corp., Grove City, Pa., “For outstanding work 
in the development and dissemination of engineering data on 
the production and utilization of alloy cast irons.” 


THE PETER L, Stmpson GOLD MEDAL 


Awarded to Roy Arthur Gezelius, Works Manager, General 
Steel Castings Corp., Eddystone, Pa., “For outstanding con- 
tributions to the steel casting industry, particularly in the de- 
velopment and production of cast steel armor.” 


THE Won. H. McFappEN GoLp MEDAL 


Awarded to Walter E. Sicha, Chief, Cleveland Research Div., 
Aluminum Company of America “For extensive, valuable work 
on light metals castings alloys and for outstanding contributions 
to the Society.” 

Thursday, May 13, 10:00 A.M. 
GRAY IRON SESSION 

Presiding—R. A. Flinn, Jr., University of Michigan, Ann 
Arbor. 

Vice-Chairman and Secretary—H. W. Lownie, Jr., Battelle 
Memorial Institute, Columbus, Ohio. 
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The Theoretical Aspects of Oxygen in Cast Iron—B. B. Bach, 
British Cast Iron Research Association, Birmingham, England. 
(Presented by H. W. Lownie, Jr., Battelle Memorial Institute, 
Columbus.) 

Some Variables in Acid Cupola Melting—S. F. Carter and 
Ralph Carlson, American Cast Iron Pipe Co., Birmingham, Ala. 

The Melting of Cast Iron Borings and Steel Turnings in the 
Cupola—Official Exchange Paper from Institute of British 
Foundrymen—Wnm. Y. Buchanan, John Lang & Sons, Ltd., John- 
stone, Renfrewshire, Scotland. 


Thursday, May 13, 10:00 A.M. 
SAND SESSION 

Presiding—C. E. Maddick, Massey-Harris Co., Ltd., Brant- 
ford, Ont., Canada. 

Vice-Chairman—C. W. Schwenn, Brillion Iron Works, Inc., 
Brillion, Wis. 

Secretary—R. G. Reiff, Ford Motor Co., Dearborn, Mich. 

Recent Developments in Shell Molding—F. 1. Valyi, A. R. D. 
Corporation, Yonkers, N. Y. 

Pressure Molding with Standard Synthetic Sands—T. E. 
Barlow and W. R. Adams, Eastern Clay Products Dept. of In- 
ternational Minerals & Chemical Corp., Chicago. 

Research on Shell Molding—R. G. Powell, C. M. Adams, Jr., 
and H. F. Taylor, Massachusetts Institute of Technology, Cam- 
bridge, Mass. 

Thursday, May 13, 10:00 A.M. 
STEEL SESSION 

Chairman—J. H. Janssen, Pratt & Letchworth, Buffalo, N. Y. 

Vice-Chairman and Secretary—C. B. Jenni, General Steel Cast- 
ings Co., Eddystone, Pa. 

Effect of Pouring Temperature on the Soundness and Physical 
Properties of Steel Castings—C. F. Christopher, Continental 
Foundry & Machine Co., East Chicago, Ind. 

Why Did It Fail?—M. V. Herasimchuk, Bethlehem Steel Co. 
Bethlehem, Pa. 


Thursday, May 13, 10:00 A.M. 
HEAT TRANSFER SESSION 

Presiding—E. C. Troy, Foundry Engineer, Palmyra, N. J. 

Vice-Chairman—J. B. Caine, Foundry Consultant, Cincinnati 

Secretary—J. B. Caine. 

Heat Transfer of Various Molding Material for Steel Castings 

Charles Locke, West Michigan Steel Castings Co., Muskegon, 
Mich., C. G. Briggs, Steel Founders’ Society of America, Cleve- 
land, and R. L. Ashbrook, formerly, Armour Research Founda- 
tion, Chicago. ‘ 

Studies of Chill Action—E. T. Myskowski, H. F. Bishop and 
W. S. Pellini, Naval Research Laboratory, Washington, D. C. 


Thursday, May 13, 12:00 Noon 
STEEL RounpD TABLE LUNCHEON 
Presiding—V. E. Zang, Unitcast Corp., Toledo, Ohio. 
Subject—Now There’s a Good Question. 


Thursday, May 13, 2:00 P.M. 

AIR POLLUTION CONTROL SESSION 
Presiding—F. A. Patty, General Motors Corp., Detroit. 
Vice-Chairman—K. M. Smith, Caterpillar Tractor Co., Peoria, 

Ill. 

Secretary—K. M. Smith. 

Experiences with the Use of a Spray Type Collector on a 72 
in. Cupola—A. G. Tompkins, Lufkin Foundry & Machine Co., 
Lufkin, Texas. 

Cupola Fly-Ash Suppression—R. M. Ovestrud, Minneapolis- 
Moline Co., Minneapolis, Minn. 

Cupola Emission Control—Otto Brechtelsbauer, Chevrolet- 
Saginaw Gray Iron Foundry, GMC, Saginaw, Mich. 

Control of Emissions for the Electric Furnace—L. Krueger, 
Pelton Steel Casting Co., Milwaukee. 

Round Table Discussion—Control of Emissions from Metal 
Melting Operations. 


Thursday, May 13, 2:00 P.M. 
REFRACTORIES SHOP COURSE 
Presiding—R. H. Stone, Vesuvius Crucible Co., Pittsburgh, 
Pa. 
Vice-Chairman—W. R. Jaeschke, Whiting Corp., Harvey, Il. 
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Subject--The Importance of Refractories in Your Foundry. 

Panel Members—Ralph Carlson, American Cast Iron Pipe 
Co., Birmingham, Ala.; L. D. Christie, Jr., Babcock & Wilcox 
Co., New York, N. Y.; R. H. Stone, Vesuvius Crucible Co., Pitts- 
burgh, Pa.; A. H. Thomson, Canadian Refractories, Ltd., 
Montreal; R. A. Witschey, A. P. Green Fire Brick Co., Chicago. 


Thursday, May 13, 2:00 P.M. 
Cost SEssION 

Presiding—R. L. Lee, Grede Foundries, Inc., Milwaukee. 

Vice-Chairman—George ‘Tisdale, Zenith Foundry Co., .Mil- 
waukee. 

Subject—Question and Answer Panel. 

Panel Members—A. C. Sinnett, Terre Haute Malleable & Mfg. 
Co., Inc., Terre Haute, Ind.; C. R. Culling, Carondelet Foundry 
Co., St. Louis, Mo.; C. E. McQuiston, Advance Foundry Co., 
Dayton, Ohio; J. A. Wagner, Wagner Malleable Iron Co., De- 
catur, IIL; C. E. Westover, Westover Engineers, Milwaukee. 


Thursday, May 13, 2:00 P.M. 
GRAY IRON SESSION 

Presiding—-R. A. Clark, Electro Metallurgical Co., Detroit. 

Vice-Chairman—G. Vennerholm, Ford Motor Co., Dearborn, 
Mich. 

Secretary—G. Vennerholm. 

Australian Methods of Producing Special Pipes—Officiai 
Exchange Paper from Institute of British Foundrymen. Victor- 
ian Branch—G. J. Benson, Melbourne Technical College, Mel- 
bourne, Australia. 

The Importance of Cooling Rate on Physical Properties of 
Gray Cast Irons—Jules Henry, Forest City Foundries, Cleveland. 

The Risering of Semi-Circular Plate Castings—R. C. Shnay 
and S. L. Gertsman, Dept. of Mines & Technical Surveys, Ottawa. 
Canada. 

Risering of Gray Iron Castings—Gray Iron Research Progress 
Report No. 5—W. Schmidt, E. Sullivan and H. F. Taylor, 
Massachusetts Institute of Techi.ology, Cambridge, Mass. 


Thursday, May 13, 2:00 P.M. 
SAND SESSION 

Presiding—C. F. Walton, Case Institute of Technology, Cleve- 
land. 

Vice-Chairman—W. D. Lawther, American Steel Foundries, 
East St. Louis, Ill. 

Secretary—R. H. Greenlee, Auto Specialties Mfg. Co., St. 
Joseph, Mich. 

Core Blowing Problems—J. A. Mescher, Unitcast Corp,, To- 
ledo, Ohio. 

What is Stickiness in Core Sand Mixtures?—W. H. Buell, 
Aristo Corp., Detroit. 

Olivine—Silica Molding Sands-—-G. S. Schaller and W. A. 
Snyder, University of Washington, Seattle. 


Thursday, May 13, 4:00 P.M. 
SAND SESSION 

Presiding—]. H. Lansing, Malleable Founders’ Scciety, Cleve- 
land. 

Vice-Chairman—C. F. Quest, J. F. Quest Foundry Co., Min- 
neapolis, Minn. 

Secretary—F. P. Goettman, Standard Sand Co., Grand Haven, 
Mich. 

A Method of Establishing Standards for As-Cast Surfaces—Roy 
Loder, Erie Malleable Iron Co., Erie, Pa. 

Improving Surface Finish on Gray Iron Castings—W. G. Park- 
er, General Electrica Co., Elmira, N. Y. 

Statistical Analysis of Factors Affecting Casting Finish—D. C. 
Ekey and J. E. Goldress, Pennsylvania State University, State 
College, Pa. 


Thursday, May 13, 4:00 P.M. 
GRAY IRON SESSION 

Presiding—H. W. Lownie, Jr., Battelle Memorial Institute, Co- 
lumbus. 

Vice-Chairman—C. K. Donoho, American Cast Iron Pipe Co., 
Birmingham, Ala. 

Secretary—C. K. Donoho. 

Graphitization of Magnesium—Treated White Irons—C. M. 
Hammond, F. J. Walls, W. B. Pierce, R. A. Flinn. 
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Calcium Carbide Injection—A New Metallurgical Tool for the 
Foundryman—J. M. Crockett, Air Reduction Sales Co., New 
York, N. Y., and H. E. Henderson, Lynchburg Foundry Co., 
Lynchburg, Va. 

Alloying and Heat Treating Spherulitic Graphite Cast Iron 
—C. C. Reynolds, and H. F. Taylor, Massachusetts Institute of 
Technology, Cambridge, Mass. ‘ 


Thursday, May 13, 6:00 P.M. 
AFS ALUMNI DINNER 
Presiding—I. R. Wagner. 


Thursday, May 13, 8:00 P.M. 
GRAY IRON SHOP CouRSE 
Presiding—W. W. Levi, Lynchburg Foundry Co., Radford, Va. 
Subject—Cupola Bed Practice. 
Discussion Leader—D. E. Matthieu, Alabama Pipe Co., An- 
niston, Ala. 


Thursday, May 13, 8:00 P.M. 
SAND SHOP COURSE 

Presiding—O. J. Myers, Archer-Daniels-Midland Co., Minne- 
apolis. 

Vice-Chairman—H. W. Schutzenhofer, The Key Co., East St. 
Louis, Il. 

Moderator—C. A. Sanders, American Colloid Co., Chicago. 

Panel Members—C. H. Wyman, Burnside Steel Foundry Co., 
Chicago; E. C. Troy, Foundry Engineer, Palmyra, N. J. 

Subject—Fundamentals of Sand Control. 


Friday, May 14, 10:00 A.M. 
GRAY IRON SESSION 

Presiding—A. E. Schuh, U. S. Pipe & Foundry Co., Burling- 
ton, N. J. 

Vice-Chairman—T. W. Curry, Lynchburg Foundry Co., Lynch- 
burg, Va. 

Secretary—T. W. Curry. 

Effect of Graphite Flake Size Upon the Tensile and Fatigue 
Properties of Gray Cast Iron—R. W. Lindsay, Pennsylvania State 
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University, State College, Pa., and J. H. Hoke, Johns Hopkins 
University, Baltimore, Md. 

The Relationship of the Carbon Equivalent to the Properties 
of Cast Iron—W. C. Jeffery, E. E. Langner, Jr., W. G. Mitchell, 
and G. D. Azizi, University of Alabama, University, Ala. 

Graphitization of Certain Fe-C-Ti Alloys—A. B. Beach and 
R. W. Heine, University of Wisconsin, Madison. 


Friday, May 14, 10:00 A.M. 
SAND SESSION 

Presiding—C. C. Sigerfoos, Michigan State College, East Lans- 
ing. 

Vice-Chairman—D. C. Williams, Ohio State University, Co- 
lumbus. 

Secretary—D. S. Eppelscheimer, Missouri School of Mines, 
Rolla. 

The Investigation of Steel Foundry Sands at Elevated Tem- 
peratures—l3th Progress Report—Sand Research Project—R. 
G. Thorpe, O. P. Eberlein, R. C. Waugh and P. E. Kyle, Cornell 
University, Ithaca, N. Y. 

The Effect of Moisture Content on Silica Sand—Ed. Sayre, 
Aircraft Gas Turbine Div., General Electric Co., Cincinnati, and 
C. T. Marek, Purdue University, Lafayette, Ind. 

Metal Penetration Tests on Dry Sand Cores and Core Washes 
—Progress Report of Mold Surface Committee 8-H—C. C. Sig- 
erfoos, Chairman, Michigan State College, East Lansing, Mich. 


Friday, May 14, 10:00 A.M. 
STEEL SESSION 

Presiding—B. C. Yearley, National Malleable & Steel Castings 
Co., Cleveland. 

Vice-Chairman—R. A. Willey, The Commercial Steel Castings 
Co., Marion, Ohio. 

Secretary—R. A. Willey. 

Factors Which Determine Riser Adequacy Feeding Range— 
W. S. Pellini, Naval Research Laboratory, Washington, D. C. 

The Design and Operation of a Modern Heat Treating De- 
partment—R. W. Wilson, American Hoist & Derrick Co., St. 
Paul, Minn. (Presented by D. W. Schuler.) 
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PRESIDENT’S ANNUAL ADDRESS 


Collins L. Carter* 


This has been a year of change in AFS. Some has 
already come about, part is now in the making, and 
great plans for the future are under consideration. 
It can be said in all certainty that the next five years 
will be years of tremendous growth for your Society. 

As a recognized technical society, our work is di- 
rected wholly toward advancing the technical and 
practical aspects of foundry operations. We do this 
through several means: Committee work, publications, 
research, meetings at the local, regional and national 
level, the biennial exhibits, and special projects. The 
net effect of these means is a constant flow of infor- 
mation on every phase of foundry operations. Its 
value to the industry may be judged by the progress 
made during the past 15 years alone literally, 
an industrial revolution. 


Activity of Technical Committees 

The work of our technical committees, and the per- 
sonal value of committee service can hardly be over- 
emphasized. It is our committees which prepare the 
AFS publications—oversee our research work—de- 
velop splendid Convention programs—write articles 
for AMERICAN FoOUNDRYMAN—present talks before 
Chapters, Conventions and Regional Foundry Con- 
ferences—consult with the AFS Staff on foundry pro- 
blems—in short, they are the life blood of a progres- 
sive technical society. 

Management should urge committee participation 
by key men, for I know of no more stimulating and 
rewarding activity in the Society. Any member of the 
Society may signify his desire to serve as a member of 
any technical committe of the Society by expressing 
such desire in writing to the Chairman of a Division 
or General Interest Committee, and describing the 
member’s experience, qualifications, and interest in 
such service. 

AFS-Sponsored Research Projects 


Let us consider AFS research. Each Division of the 
Society is invited to initiate research on some specific 
fundamental problem, for Board approval. At present 


*President and General Manager, Albion Malleable Iron Co., 
Albion, Michigan. 
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nine research projects are being carried on, for the 
Light Metals Division, Malleable Division, Gray Iron 
Division, Brass and Bronze Division, Steel Division, 
Sand Division, and Heat Transfer Committee. 

Every effort is made in this work to avoid duplica- 
tion of existing effort, and progress reports on all 
projects are presented. 

AFS Publications 

In the publications field, we have carried on a 
vigorous program for some years now, developing 
books to meet the industry's needs as seen by our 
technical committees. Prior to Board approval for 
publication, all AFS literature must first be passed 
on by a Publications Committee. 

During the past year, we have issued the following 
new and revised publications: 

Risering of Gray Iron Castings—No. 4 

Steel Foundry Sands at Elevated Temperatures 

Principles of Gating as Applied to Sprue-Base 
Design 

A Study of Vertical Gating 

Symposium on Sand Reclamation 

Symposium on Molding Machines 

Symposium on Safety, Health and Air Pollution 

Index to TRANSACTIONS (1941-50) 

The Cupola and Its Operation 


Safety, Hygiene & Air Pollution Program 

The Safety, Hygiene & Air Pollution program is 
nearing completion a manual on Air Pollution Con- 
trol, and Dust Control and Ventilation. Much of the 
Dust Control manual is completed. 

Those who may be impatient over the time it takes 
to develop a manual on Air Pollution Control must 
remember that opinion on this subject is constantly 
being revised and new control methods developed. 
Whatever AFS publishes must be accurate, authentic 
and yet practical, and the work of the project must 
be developed carefully lest many be _ injured 
unnecessarily. 

Meanwhile, activities related to foundry safety, 
noise abatement and other program aspects are being 
carried on for the benefit of the industry under the 
direction of W. N. Davis. Definite and valuable results 








xiv 


are now being shown by the program, as many foun- 
dries can attest. 

It has been said more than once that all AFS 
activities are educational in nature. That is true, but 
we also are approaching educational work in more 
direct lines. On April 1 we were fortunate in having 
Ashley Sinnett join the staff as Educational Director. 
His job is to organize, develop and carry on a pro- 
gram devoted primarily to high schools, trade schools 
and in-plant training. 

As we all know, activities at the college level are 
being conducted admirably by the Foundry Educa- 
tional Foundation to bring engineering graduates into 
our industry. The AFS program is being pointed 
toward recruitment and training of our future fore- 
man and line supervisors, and one aspect will be the 
preparation of actual training manuals for any 
foundry to use. As I see it also, these manuals will 
prove to young men, their parents and their teachers 
that real opportunities for training and advancement 
exist in our industry. 


Increase In AFS Membership 

During the past year our membership increased to 
11,600 on April 1—another all-time high. We shall 
not be content until it is at least 15,000,—and until 
every foundry in the United States and Canada holds 
a Company or a Sustaning membership. 

The Chapters of AFS staged 8 regional foundry 
conferences in the past year, in which 26 of the 42 
Chapters participated. Next year, even more are 
already scheduled. 

No new Chapters were added last year—but, the 
AFS Chapter movement cannot be allowed to dimin- 
ish. The Chapter organization alone can account for 
the vast interest in foundry improvement that you 
will find from coast to coast. It is a training ground 
for your employees, a meeting place for new ideas, 
a forum for discussion of your problems. 

As a result of the adoption of new by-laws approved 
by the membership last fall, the AFS Board of Di- 
rectors is being completely reorganized. First the 
Board will be increased from 18 to 24, with a Director 
representing each of 18 Chapter Groups. These 
Chapter Groups are divided into five Regions, each 
with a Regional Vice-President as the Society's official 
representative, 

All this is in line with our efforts to achieve better 
representation on the Board and to relieve future 
Presidents and Vice-Presidents of some of the travel 
burden of the past. We need constantly on our Boards 
the highest caliber men in the industry, and steps 
already taken are pointed to that end. 


New AFS Headquarters Building 

Another great project nearing completion is the 
AFS Headquarters Building, being erected at Des. 
Plaines, Illinois. Over $235,000 was contributed by 
the Industry for this structure before we stopped 
solicitation early this year—a remarkable support. 
Let me publicly thank, on behalf of AFS, all those 
who contributed money and time to this great work 
—the AFS Board, past Presidents, former Directors, 
and many loyal members. 
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Particularly I want to single our Past Director 
Frank Riecks, who has been acting as the owner’s 
sole representative on design and construction details. 
Realizing what great amount of time and thought he 
has given to the job, I know it has been at the sacri- 
fice of his own leisure time for he has had heavy 
responsibilities with the Ford Motor Co. 

Our new by-laws also provide that new officers and 
Directors take office immediately after the Convention, 
instead of three months later. It so happens that I 
personally am a casualty of this change, since my 
term as President is shortened. Since I had a lot to do 
with the by-laws ballot, 1 cannot claim that shorten- 
ing of my term of office was in anyway deliberate. 

You may not know that over 200 Americans 
attended the International Foundry Congress in Paris 
last September—almost 25 per cent of the total at- 
tendance. It was a great experience, but a rugged 
one in view of the great amount of official entertain- 
ing wherever we went. Every country represented at 
our own International in Atlantic City went over- 
board in making us welcome and returning the 
compliment. 

That brings us up to date—to our present Con- 
vention and Exhibit. Seldom have I seen such a fine 
program, or one so pointed toward practical foundry 
problems. For example, there are 11 Shop Course 
sessions and eight round-table meetings scheduled— 
all “off the record” sessions for shop discussion. 

This year’s exhibit is the largest AFS has ever 
staged—even larger than the 50th Anniversary exhibit 
in 1946. I have seen many new and important develop- 
ments displayed, and I want to compliment the fore- 
sight and ingenuity of the exhibiting companies, You 
have all done a splendid job for the industry. 


What Is In The Future For AFS 


And now for the future—as we see it. In a few 
respects, these are my own personal views, still subject 
to Board action; but in the main, I believe what I 
am about to tell you are proper reflections of the 
thinking of your Board. 

First—we believe it is time to call a halt to the 
constantly recurring drives for contributions from 
the Industry. Assuming that activities of AFS are 
worthwhile, and should be pursued, it is our intention 
to finance them out of current operating revenues 
not by solicitation drives. Such activities which can- 
not be so financed, should not be undertaken or con- 
tinued if normal operating funds are not available. 

Second—-while for the last several years we have 
lived within our income for our regular activities, I 
personally recommend an analysis of all our activities 
to the end of living within our income as it is derived 
from our normal channels in industry. I propose a 
“fact finding’’ study—not a “fault finding” expedi- 
tion—but it is safe to say that the principles of busi- 
ness Management must continue to be applied to 
AFS—in all particulars. 

Third—during this coming year I recommend that 
emphasis be placed on a further increase in mem- 
bership, particularly on obtaining new Company and 
Sustaining members and formation of new Chapters. 
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Fourth—AMERICAN FOUNDRYMAN magazine has now 
been reorganized as a separate division of the Society, 
to operate in its own financial organization and with 
a single overall manager reporting to the Society's 
Secretary and General Manager, W. W. Maloney. We 
have named H. F. Scobie as the magazine’s Editor- 
in-Chief, in charge of both editorial and advertising, 
with the responsibility of further progressing the 
publication as a major activity of AFS. In nine short 
years we have come far with AMERICAN FOUNDRYMAN, 
and the steps just taken are calculated to continue 
this program. 

In this connection, I must announce that T. B. 
Koeller, identified with AMERICAN FOUNDRYMAN and 
AFS since 1943, has resigned to go in business for 
herself as a public relations agent. We wish her every 
success. Replacing her as Advertising Manager, and 
responsible to Mr. Scobie, is John M. Eckert, on whom 
we are counting for the increased advertising revenue 
necessary to make AMERICAN FOUNDRYMAN Of still 
greater value to all foundrymen. 


Fifth—I commend to the Board the constant aim 
of bringing our reserve funds up to an amount at 
least eqaul to the Society’s average annual expense 
of operation. To date we have been forced temporarily 
to sidetrack our aims in order to finance, from exist- 
ing cash available, the completion of our Head- 
quarters Building. This will require approximately 
$40,000—the difference between estimated total cost 
and contributions to date. 


I should add that the Society’s reserve funds are 
now in an Investment Trust with the Harris Trust 
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and Savings Bank of Chicago. This is a discretionary 
and revocable trust, and allowable invested securities 
include U. S. and Canadian Government bonds, In- 
dustrial bonds, and Industrial common stocks. It is a 
long-range investment program, with protection of 
principal the prime consideration. 

Finally—we expect to be occupying our new Head- 
quarters in DesPlaines soon, and you may be sure 
that some form of open house will be announced in 
due time. Included in our plans is a fine technical 
reference library—something the industry has long 
needed. At the outset, no laboratory facilities are in- 
tended, although I predict that the need for such 
facilities will be felt before very long. 

Thus we approach a new fiscal year with many 
things accomplished and important developments 
right before us, Among the most important, as I see 
them, are strong and strengthening efforts in obtain- 
ing increased memberships including new chapters, 
increased efforts in Safety, Hygiene & Air Pollution, 
Vocational Education, AMERICAN FOUNDRYMAN Maga- 
zine, and a Reference Library. Their financing and 
progress are matters for Board decision. 

And now—it would be a great understatement for 
me to say that I have enjoyed immensely the year 
you have permitted me to serve as your President. 
I have had wonderful cooperation and support from 
the Industry—and from our loyal Central Office Staff 
—and it has been a great privilege to have served you. 
I hope—in fact, I know—that you will give to our 
new President, Frank Dost, the same generosity of 
comment and the same active helpfulness you have 
given to me so fully. Believe me, I am deeply grateful. 








REPORT OF THE AFS TREASURER 


(For the Fiscal Year Ended June 30, 1954) 


The Auditor's Report for 1953-54 reports the following: 
Total Income, Actual, $843,733.22; Total Income, Budgeted, 
$805,050.00. Total Expense, Actual, $675,228.40; Total Expense, 
Budgeted, $661,290.00; Excess Income, Actual, $168,504.82; Ex- 
cess Income, Budgeted, $143,760.00. 

Total Income of $843,733 was greater than in any previous 
12-month period in the history of the Society, although Excess 
Income of $168,504 was less than the Excess Income of $182,613 
in 1951-52. 

Income and Expense 1953-54 


The Auditor's Operational Statements, show that four major 
AFS activities can be expected to show a net income in an 
Exhibit year . . . but only three will show a net income in 
non-Exhibit years. (The item “Miscellaneous” includes income 
from investments under the present investment policy.) 

The effect of Exhibit revenues on AFS income sources is 
illustrated in the following table: 

2 Years 
1952-53 1953-54 1952-54 

















Membership Dues .. 48.3% 27.4% 35.2% 
AMERICAN FOUNDRYMAN 41.7 28.1 33.1 
Conventions & Exhibits 1.7 38.5 24.8 
Publications ....... 8.3 4.7 6.1 
Miscellaneous ...... 0.0 1.3 0.8 
TOTAL. 2... 100.0% 100.0% 100.0% 


The relationship between Income and Expense per Member 
is illustrated in the following two tables, again showing the 
effect of Exhibit and non-Exhibit activities: 


Income and Expense per Member 


2 Exhibit Years 


1951-52 1953-54 
SL I eR $734,779. $843,733. 
a BEEP Rr ee eee rem 552,165. 675,238. 
Membership, June 30 ............. 10,033 11,551 
Income per Member ............. $ 73.24 $ 73.04 
Expense per Member ............. $ 55.03 $ 58.46 

2 Non-Exhibit Years 

1950-51 1952-53 
Se SR Ee $382,923. $501,188. 
SNE (a5 eee t wwsiienads fs devo’ 431,353. 557,761. 
Membership, June 30 ............. 9,220 11,033 
Income per Member .............. $ 41.00 $ 45.438 
Expense per Member ............. $ 46.20 $ 50.55 


Investments As Of June 30, 1954 


The Auditor’s statement summarizes income from invest- 
ments, showing greatest income from industrial bonds, followed 
by dividends on common stocks. Total income from investments 
was $12,542, reduced to $10,629 by write-down of bonds pur- 
chased to maturity value. 
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Financial Condition As of June 30, 1954 


The financial condition of the Society as of June 30 is com- 
pared in the Auditor’s statement for the past three years, 
showing an increase of $206,914 in the Fund Principal over 
a 24-month period. 


Balance Sheet As of June 30, 1954 


The financial position of the Society on June 30, 1954, was 
$242,481 better than on June 30, 1953 (including all funds), 
or an increase of 35.7 per cent. If only the General Fund is 
considered, the increase during the past 12 months amounts 
to $168,505 or 36.7 per cent. A comparison of cash and invest- 
ments for the past seven years illustrates the growth of the 
Society’s financial position, as follows: 


Cash and Investments, 7-Year Growth 
Including All AFS Funds 





Incr. 
Cash Investments Total or (Decr.) 





June 30, 1954 $127,053. $564,573. $691,626. $112,945. 
June 30, 1953 129,920. 448,76t. «578,681. —( 49,527.) 
June 30, 1952 297,608. 330,600. 628,208. —.215, 490. 





June 30, 1951 103,913. 308,805. 412,718. 64,416. 
June 30, 1950 229,497. 118,805. 348,302. 128,712. 
June 30, 1949 85,785. 133,805. 219,590. ( 65,609.) 
June 30, 1948 106,394. 178,805. 285,199. — 





The Investment Trust Account was increased by $50,000, but 
Building Fund investments were washed out so that cash 
might be available in June, the estimated building completion 
date (not realized). A total of $150,000 in Exhibit-earned cash 
was invested in 90-day Treasury bills, reduced on July 7 to 
$100,000 (turned over for another 90 days). It is this invested 
cash that will be used eventually for completion of the Head- 
quarters Building, and also to finance the Society’s expected 
Excess Expense during the non-Exhibit year 1954-55. 


Conclusions 1953-54 


The Society’s finances were in good shape at the end of 
the Exhibit year 1953-54, with a total of $182,281 in General 
Fund cash and short-term investments available for (a) long- 
term investment, (b) completion of Headquarters Building, 
or (Cc) as operating funds between now and the time (approxi- 
mately November 1955) when Exhibit space revenues again 
become obtainable. Expenses of the Society are under constant 
control of the Finance Committee and Treasurer, insofar as 
possible, as may be seen from a comparison of budgeted and 
actual figures for the fiscal year. 

Respectfully submitted, 
Won. W. MALONEY 
Secretary-Treasurer and 
General Manager 
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Condensed Statement of Income 


and Expense 


(All Expenses Distributed to Major Activities) 
Fiscal Years July, 1952—June 30, 1954 











INCOME 
Total Income 
Amount Per cent 

eer re $405,328.43 30.1 
General Publications ................ 29,298.82 2.1 
SERS -OICRIIOIND os ood nk ccc censces 68,599.68 5.1 
AMERICAN FOUNDRYMAN .............. 513,018.35 38.0 
Conventions & Exhibit ............... 333,983.00 24.7 

TEE, SE oo cwanecavetdune . $1,350,228.28 100.0 

EXPENSE 
Total Expense 
Amount Per cent 

Membership Service .................- §$ 70,099.74 5.5 
SA er eee se 63,783.99 4.9 
Other Technical Activities ............ 58,132.42 4.5 
General Publications ..............000. 76,371.81 6.0 
SORE PAGE no.c.0 divccecscccccna 82,883.98 6.5 
AMERICAN FOUNDRYMAN .............<:; 464,069.09 36.3 
Chapter Operations ..........cccessss 157,129.67 12.3 
Conventions & Exhibit ................ 146,812.49 11.5 
General Administration .............. 88,885.99 7.0 
Retisgmemt ERpOmee ...... 2.002. cccccscs 30,127.60 2.3 
Safety, Hygiene & Air Pollution (Net) .. 40,682.91 3.2 

yy SO rrr $1,278,979.69 100.0 

TOTAL INCOME ................$1,350,228.28 

TE Cs cc kee denscwer 1,278,979.69 

BE SE cnn actccescnne $ 71,248.59 





Comparative Condensed Balance Sheets 
As of June 1951 to June 1954, inclusive (4 years) 




















Incr. + Incr. + 
June 30 June 30 June 30 June 30 (Decr. —) (Decr. —) 
ASSETS 1951 1952 1953 1954 over 1953 4 years 
IE icin Sie css 6 cee bn epied es «haan aie $103,913.45 $297 608.34 $129,920.33 $127,052.55 $( 2,867.78) $ 23,139.10 
Investment Securities ............... 308,805.60 330,600.00 448,761.14 564,572.71 115,811.57 255,767.11 
Ns bit 4.0 cticd 6.0 0idl> nghalpniey eal 27,817.59 32,470.00 39,667.57 37,135.44 ( 2,532.13) 9,317.85 
Accounts Receivable ................ 49,975.09 46,376.91 37,662.98 17,266.10 ( 20,396.88) ( 32,708.99 
Deferred & Prepaid Items ........... 31,258.11 34,378.06 12,950.68 9,925.30 ( 3,025.38) ( 21,332.81 
Furniture & Fixtures (net) ........... 15,858.16 15,559.74 14,616.25 13,045.65  ( 1,570.60)  ( 281251) 
Land and Building .................. — — 24,341.01 155,260.20 130,919.19 155,260.20 
Ev bak vaca cates 0 Stee os $537,628.00 $756,993.05 $707,919.96 $924,257.95 $216,337.99 $386,629.95 
LIABILITIES 

Copmpennt: LIGDIS ooo. osc oe ce sics sien $ 19,736.66 $ 13,771.93 $ 27,946.24 $ 11,803.38 $ (16,142.86) $( 7,933.28) 
I INIT oo.ie since s kndasespnnn 109,735.45 120,446.02 _ — ~ (109,735.45) 
Buesesve for Exchiamee ..........0..: 1,344.30 _ _ — — ( 1,344.30) 
TIED, 6g. 6-sin snob 6 wacaennies 406,811.59 622,775.10 679,973.72 912,454.57 232,480.85 505,642.98 
WO. 5 64 eteete chs eerie $537,628.00 $756,993.05 $707,919.96 $924,257.95 $216,337.99 $386,629.95 








Norte: Includes all Awards, Building, SkH&AP and Retirement funds. 











REPORT OF THE AFS GENERAL MANAGER 


(Fiscal Year Ended June 30, 1954) 


This report sums up all major activities of the Society, includ- 
ing Technical activities, with some comments on problems 
affecting their present and future conduct. The report is 
confined to non-financial matters, finances being discussed in 
a separate report of the Treasurer. 


1. Membership 


During the past year, the Society’s membership reached a 
new high of 11,551, a net gain of 518, or 4.6 per cent over 
the total of 11,033 in June 30, 1953. The budget estimate for 
the past year was 12,000 members, a budget not fully realized, 
although the increase indicates continuous work of the Chapters 
on their membership. 

A compilation of membership gains and losses for the past 
four years: 





1950-51 1951-52 1952-53 1953-54 
Members gained (all Classes) 2,316 2,909 1,947 1,723 
Members lost (all causes) 2,158 2,049 980 1,205 


Net Gain or (Loss) 158 860 967 518 

Avg. Gain or (Loss) per month 13.2 71.7 81.0 43.2 

Total on June 30 9,206 10,066 11,033 11,551 

Rate of Turnover, % 23.4 20.3 8.9 4.5 

*Pct. of New Members Held 6.8 29.5 49.6 30.0 
*New Members gained vs. Net gain. 


The major problem continues to be holding present mem- 
bers, as indicated by the fact that the net gain was only 30 
per cent of the new members gained in all classes. This 
problem is further emphasized by the following: 

1951-52 1952-53 1953-54 





Delinquents Dropped ........... 1,477 1,533 1,784 
Delinquents Reinstated ........ 798 968 958 
Per Cent Reinstated ........... 54 63 54 


Membership Targets for 1954-55 have now been completed 
and sent to all Chapters with the understanding that if no 
protests are raised within 30 days, the assigned targets will 
stand. The Target for June 30, 1955, is 12,500, as announced at 
the Chapter Officers Conference in June. This total, however, 
is not budgeted in Dues Income. 

Only 11 Chapters made their membership targets in 1953-54, 
compared with 21 the previous year, 18 in 1951-52, and only 
8 in 1950-51. The Membership Chairmen of all Chapters that 
made their targets have received a special certificate of recogni- 
tion. 


2. Chapters 


No new Chapters of the Society were formed in 1953-54 and 
the totals today are: 42 regular and 14 Student Chapters. Two 
of the Student Chapters are at this time inactive . . . at 
the University of Minnesota and Northwestern University. It 
does not appear at this time that either of these inactive 
Chapters can be reactivated, due to certain personnel on the 
institutional staffs. 

During the past year President Carter and Vice-President 
Dost attended six of the Regional Conferences held. Confer- 
ences scheduled in 1954-55 include: All-Canadian, Michigan, 
Northwest, Southeastern, Purdue, California, Wisconsin and 
New England. The latter, of course, is not sponsored by AFS 
Chapters, although AFS is a “sponsoring” organization. 

The llth Annual Chapter Officers Conference was held at 
the Hotel LaSalle, Chicago, June 17-18, with a total attendance 
of 107, including 87 Chapter delegates, representing all 42 
Chapters. All but 3 Chapters had at least two delegates pre- 
sent, and 6 were represented by more than two. The total 
included 8 Chairmen, 39 Program Chairmen, 35 Secretaries 
and/or Treasurers. Chairman Dost presided, but only 6 Na- 
tional Directors were present, as compared with 4 Directors 
in 1953. 
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3. Convention & Exhibit 


A total of 14,920 attended the 58th Annual Convention of 
AFS and Foundry Show in Cleveland, May 10-14. The total 
included 5,707 members, 3,317 guests, 3,071 exhibitor repre- 
sentatives and 2,825 NEO Day attendance. Registration fees 
of $2.00 for members and $5.00 for non-members were charged, 
which amount was generally accepted. 

Company and Sustaining members were given the opportunity 
to register employees in advance at the member rate. The only 
registration complaint concerned failure to do this in advance 
of the Convention. Hereafter we will publicize advance regis- 
tration, but will arrange to admit those who fail to do so, at 
the member rate. To penalize for failure has proved consistently 
objectionable and impossible to reasonably administer. 

As expected, housing brought many complaints, from both 
Cleveland and outside attendance. With only 3500 rooms 
guaranteed, and the demand exceeding 4000, by March the 
Housing Bureau was assigning applicants to second-rate hotels 
and motels. Miss Perkins of the Convention and Trade Show 
Bureau gave splendid cooperation in the face of an impossible 
situation, always to be experienced at any large exhibit in 
Cleveland. 

The 1954 Exhibit proved to be a sell-out of all space origin- 
ally laid out, requiring partial use of the Arena on the first 
floor. The Show thus was the largest ever held by AFS in point 
of space occupied—97,578 sq ft against 82,168 sq ft in 1946. 
(Total in 1952 was 83,760 sq ft) The number of paid exhibitors 
this year was 298, compared with 243 in 1952 and 252 in 1946. 

Prior to Show opening on Saturday, W. N. Davis inspected 
all operating exhibits for safety precautions and received the 
complete cooperation of all exhibitors involved. The inspec- 
tion will be continued at future AFS exhibits. 

The Committee of Exhibitors praised the Show highly, par- 
ticularly the handling of A. A. Hilbron and his Floor Managers. 
At the June meeting they raised several points for future 
correction, as follows: 

(1) It was brought out that attendance in the Arena area 
was low and that this area should not be used at future 
Exhibits in Cleveland. 

(2) Objection was raised to establishing island booth spaces 
which might block the normal flow of traffic between exhibit 
areas, and that the Society require closer adherence to rules 
and regulations on overhead signs. 

(3) It was strongly recommended that greater consideration 
be given to a reduction of the number of technical sessions 
scheduled in an Exhibit year, including time allowed for the 
Annual Business Meeting and Lecture at a morning session. 
It was suggested that the Annual Lecture might be held as 
a luncheon meeting, separate from the Annual Business Meet- 
ing, and that the latter be held in the afternoon instead of 
the morning. 

(4) It was the consensus that the Show should not close on 
the final day until 5:00 p.m. 

(5) After considering at length the hotel facilities and 
service rates in Philadelphia and Atlantic City, the Committee 
reversed its previous action favoring Philadelphia in 1956 and 
recommended Atlantic City instead. In this connection the 
Committee voted for a Foundry Congress running from Thurs- 
day through the following Wednesday, with Exhibits closed on 
Sunday, the Annual Banquet on Saturday night, and urged that 
consideration be given to holding the Annual Business Meeting 
and Lecture on Sunday afternoon. 

(6) It was recommended that no “free day” at the Exhibit 
be scheduled in 1956 in Atlantic City, because of the distance 
of local foundry industry. 

(7) The Committee requested AFS to prepare a questiunnaire 
seeking a consensus of the members on such questions as exhibit 
hours, length of Show evening hours, scheduling of technical 
session hours, frequency of technical sessions, etc. 
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Report oF AFS GENERAL MANAGER 


An excellent technical program was provided in 1954, in- 
cluding 41 technical sessions, 8 round-table luncheon meetings, 
11 shop-course sessions, 16 committee meetings and 15 other 
events. The Technical Director, Hans J. Heine, and his assis- 
tant, J. E. Foster, are to be complimented on their handling. 
In preparation for the Convention, 56 papers were preprinted 
in advance, either in separate pamphlets or as articles in issues 
of AMERICAN FOUNDRYMAN, and four were made available first 
at technical sessions. Over 3,000 individual requests were re- 
ceived from members for varying quantities of preprints. 

Special mention should be made of the special plant visits 
to the Ford Motor Co. foundry at Berea, Ohio, on the last 
day of the Convention. Charter buses were arranged and a 
transportation charge of $1.00 per person was made, a total 
of 750 making the morning and afternoon trips. The event 
was arranged through the courtesy of Claud E. Jeter, Manager 
of the Ford plant, and proved a highlight. 

It should be noted that serious thought is being given to 
the number of events offered in Exhibit years, in line with 
the suggestion of the Exhibits Committee. A Show-year Con- 
vention has become a “10-ring” event, leaving insufficient time 
for both exhibits and desired technical programs. The Technical 
Correlation Committee devoted considerable discussion to the 
problem (inconclusively), and effort will be made to better 
direct program developments at the next Exhibit-year Con- 
vention. It must, however, be directed by the Central Office 
Staff if both Exhibitors and Program Committees are to be 
satisfied. 

One highlight of the Convention was the Annual Banquet, 
catered by the Hotel Statler in the Public Auditorium, includ- 
ing awards and a program of well-received entertainment. 
Attendance was disappointing, only 823. An unforeseen feature 
of the Banquet was President Carter’s announcement of a 
$50,000 educational grant to AFS by Thomas W. and John C. 
Pangborn for scholarship purposes a wonderfully generous 
action. This grant was coupled with (although not announced 
at the time) an additional grant of $5,000 to endow a sixth 
AFS gold medal award. 

Another highlight of the Convention was the Alumni Dinner, 
strictly a friendly get-together with no speeches, but featuring 
color films taken in Europe by past-Director V. E. Zang 
while attending the International Congress in Paris. 

It has been strongly recommended by several Divisions of 
AFS that the speakers and chairmen for each day’s sessions 
get together at breakfast for orientation, at AFS expense. The 
Staff fully concurs. Two divisions initiated the idea in 1954, 
at individual expense. 


4. Research 


AFS research projects conducted during the past year are 
detailed in a separate report of the Technical Director. Pro- 
jects on Light Metals, Gray Iron, Malleable Iron, Sand, and 
Heat Transfer were pursued. In addition, Steel research on 
hot tears was conducted at several cooperating foundries, and 
at Armour Research Foundation, with funds generously sup- 
plied by American Steel Foundries. The Brass and Bronze 
Division, having discontinued their project last year, conducted 
an important search of literature at Battelle Memorial Institute 
on one phase of copper-base alloys. 

With a budget of $35,000 for the year, a total of $30,443 was 
expended in 1953-54. Research projects for a fiscal year are 
renewed and recommended by the Board Research Committee, 
whose recommendations for 1954-55 will be presented in con- 
nection with budget recommendations for the year ahead. 

Sand research, conducted by AFS at Cornell University for 
the past 15 years, will be discontinued at that institution by 
September 1954, replacement as yet not determined. 


5. Publications 


The 1953 Transactions, vol. 61, was completed and mailed 
in November. Printing was 2300 copies, larger than in many 
years, and 1973 volumes were shipped at the outset at the 
pre-publication price of $6.00 to members ($8.00 thereafter, 
and $15 to non-members). Sustaining and Honorary members 
received the volume gratis on request. 

Ten special publications were produced during the fiscal 
year, either as original printings or reprints. Included were 
the following original publications: 
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(1) A Study of Vertical Gating. 

(2) Index to TRANsAcTions, 1941-1950. 

(3) Symposium on Sand Reclamation. 

(4) Symposium on Molding Machines. 

(5) Symposium on Safety, Health and Air Pollution. 

(6) Steel Sands at Elevated Temperatures (Research Progress 
report). 

(7) Charles Edgar Hoyt Annual Lecture 1953 

(8) The Cupola and Its Operation. 





Jas. H. Smith. 


The Cupola book, a splendidly revised and enlarged edition 
of the former Cupola Handbook, was delivered and shipped 
in July. The Committee responsible for its preparation, the 
Technical Director, and Technical Assistant C. R. McNeill who 
did the editing, all deserve praise for the completion of this 
important work. 

The College Foundry Textbook is now practically complete 
and is definitely scheduled for completion in 1954-55. It will 
be the second of three textbooks being undertaken by AFS, the 
first being “Foundry Work” for high-school level teaching by 
Edwin Doe. The third, at trade school level, has not yet been 
commenced. The college textbook will be published by McGraw- 
Hill, for wider distribution. 

Translation of the German text on die casting now is com- 
pleted and being carefully reviewed and checked. Much work 
still remains, however. Another new book, “Time and Motion 
Study for the Foundry,” has been approved for publication 
during the coming year. 

Concentration during 1954-55 will be on the new and revised 
edition of the “Cast Metals Handbook,” out of print for over 
a year. Revision committees have been slow in starting, lack- 
ing a “spark-plug” Steering Committee thus far. It is hoped 
that the needed “push” now may be feasible, and the consider- 
able cost (est. $30,000) may be subsidized by an outside pub- 
lisher—a very practical proposal, since the book is planned 
largely for use by engineers and designers of metal structures. 

Comment should be made on the thoroughness with which 
the Publications Committee carries out its responsibilities. This 
Committee carefully reviews publications prepared, existing 
inventories, pricing structure, and its recommendations for 
future publications in a most conscientious and helpful manner. 


6. Technical Committees 


This report cannot but praise highly the splendid work of 
the Society's technical Divisions and General Interest Committees 
during the past year. All in all, the Committees held nearly 
100 separate meetings in developing the Convention program, 
supervising research, preparing publications, carrying on ap- 
prentice contests, and in administration activities. As the back- 
bone of the Society’s technical work, their services can hardly 
be over-praised. 

In June, for the first time, AFS held a “National Committee 
Week” at which time all Divisions and several General Interest 
Committees met to review the year’s work and plan ahead. 
Success of the event was such that it will be continued. 

The National Committee Personnel Roster, listing personnel 
of all Committees, was issued last December (admittedly some- 
what late) and is being issued on an annual basis. 

The Apprentice Contest Committee again sponsored con- 
tests in wood and metal patternmaking, and in non-ferrous, 
gray iron and steel molding. Entries totaled 352, the largest 
on record, including entrants from 138 companies and 12 
Chapters. All Ist-prize winners received their awards in person 
in Cleveland. 

Technical inquiries and technical.liaison with other technical 
and engineering societies is carried on by the Technical Direc- 
tor, the former task made more difficult to date by lack of a 
catalogued library and trained Librarian. It is hoped this 
matter can be remedied upon occupancy of our new Head- 
quarters Building. 


7. Educational Activities 


All Educational activities carried on by the Staff are now 
under the direction of the Educational Director, A. B. Sinnett. 
Mr. Sinnett will develop the 1955 Apprentice Contests. His 
main task in 1954-55 will be on the planned training manuals 
to be written by a Joint Committee, including representatives 
of major foundry associations: Gray Iron, Steel, Malleable, Non- 
Ferrous, F. E. F., and possibly N. F. A. In addition, he is 








AX 


undertaking a revised edition of the give-away booklet, “The 
Foundry Is A Goop Place To Work.” 

When details of the Pangborn grant have been worked out 
satisfactorily, it is intended that development of the in- 
tended scholarships will be worked out by Mr. Sinnett in 
cooperation with the AFS Chapters and, possibly, with F. E. F.— 
although the extent to which F. E. F. may be involved has 
not as yet been clarified. 


8. Safety, Hygiene & Air Pollution 


The work of the ScH&AP group has been largely concentrated 
on development of two essential manuals, one on Air Pollu- 
tion Control, the other on Dust Control and Ventilation—re- 
spectively, concerning exterior and interior plant conditions. 
Many meetings have been held, and one section of the Air 
Pollution manual is now ready for printing, dealing with Con- 
trol of Emmissions from Melting Furnaces. 

While it can be hoped that work on both manuals may be 
progressed rapidly, it should be noted that these Committees, 
and especially the Air Pollution group, are pioneering in a 
subject on which relatively little factual, accurate data exist. 
Their work is difficult yet essential and on behalf of the entire 
castings industry, and up to now no reliable engineering data 
exist to assist foundrymen in solving their internal and external 
battle with dust. These Committees are attempting to do a 
vital job against an uncertain deadline—the time when labor 
and government will do it for the industry, if the industry 
itself does not do it first. 

It should be emphasized that AFS work in the SkKH&AP field 
is of a strictly technical nature, developing engineering data 
to help foundry management help itself. In view of the Society’s 
past record in this field, no legislative involvement of AFS is 
in any degree forseeable. 

Effective July 1, financing of SkH&AP activities will be by 
AFS operating funds, and all solicitation of special funds has 
been abandoned. We are, however, asking contributors on exist- 
ing 3-year pledges now to liquidate the third and final year 
of their commitments, Some $10,000 is involved. 


9. Headquarters Building 


During the past year the following events may be noted: 
Appointment of F. C. Riecks as sole owner's representative; 
separation from architect Charles W. Nicol & Associates; rejec- 
tion of all construction bids taken on original plans; complete 
revision of plans and specifications by Mr. Riecks and Giffels 
& Vallet; taking of new bids; appointment of E. E. Husak as 
general contractor; breaking ground and start of construction 
on November 9, 1953. 

After construction had well progressed up to May 1, un- 
expected delays occurred in delivery of essential materials, 
greatly retarding any further work. On July 20, Messrs. Dost, 
Simpson, Carter, Riecks, Maloney and Davis met at the build- 
ing site with the general contractor and local supervising 
engineer, and a completion schedule has since been drawn up. 
It is this schedule that Mr. Davis will now help expedite. 

It now appears that AFS cannot expect to occupy its new 
building prior to the last week of September—specifically, 
September 25. Every effort is being made to advance material 
deliveries, but the above date is realistic, if not optimistic. 

Solicitation of Building funds ceased generally on January 1, 
after a concentrated program in which all Directors—and 
especially President Carter—rendered great assistance. As a 
result, the fund total on June 30, including all written pledges, 
was $224,728 a remarkable support by the membership. 
No further solicitation of contributions by the Central Office 
Staff is contemplated, which means that the difference between 
the approximate $225,000 contributed and the estimated com- 
pletion cost of $275,000 will require an outlay of approximately 
$50,000 from AFS reserves as contemplated and as agreed 
to by the Board last November. 


‘TRANSACTIONS 


The present Staff has now been bulletined to determine who 
will be available for work in the new Headquarters location. Of 
the present total of 35 persons employed, only 8 have declared 
their intention of not relocating. All executive members of the 
Staff are planning to continue in the DesPlaines location, which 
is a much better record than was originally estimated. 


10. American Foundryman 


Following meeting of the Board of Directors on May 13, 
magazine responsibilities were reassigned and H. F. Scobie 
appointed Editor in complete charge of editorial, advertising, 
and production. On resignation of Miss T. B. Koeller in April, 
J. M. Eckert was employed as Advertising Manager, under direc- 
tion of Mr. Scobie. Resignation of H. J. Wheelock, formerly 
Managing Editor, will occur in August, requiring prompt re- 
placement. Duties of other members of the magazine staff are 
now being reassigned. 

During 1954-55 it is intended to advance the magazine largely 
through (a) greater sales contacts and planned sales efforts, and 
(b) improved editorial material. “Circulation support” is to 
be continued, placing the magazine in every foundry in the 
U. S. and Canada. Audited circulation will be continued, to- 
gether with increased circulation promotion, and development 
of more reader inquiries for advertisers’ products. 

All previously established magazine policies will be continued, 
essentially unchanged except as the Editor may feel commer- 
cially necessary for the publication to progress. In any event, 
AMERICAN FOUNDRYMAN will continue to be the Scciety’s official 
magazine, published in keeping with the fundamental objects 
of AFS. 

The Editor is fully cognizant of the degree of responsibility 
delegated under the Board’s desire to materially increase the 
net income from the magazine. This goal is constantly being 
borne in mind, even though no “time limit” nor positive 
income goal has as yet been established. 


11. Administrative Activities 


During the past year, the AFS by-laws were completely re- 
vised and approved by letter ballot of the membership. Main 
revisions involved setting up five Regions of the Society, each 
with a Regional Vice-President; 18 Chapter Groups; increase 
in the Board from 18 to 24, including President, Vice-President 
and immediate past President; changes in nominating proce- 
dure; designation of a Junior member class below 25 years of 
age. These changes now have been generally accepted with a 
minimum of confusion and few objections. 


More recently, the dues structure has been changed, in- 
creasing Sustaining member due to $300 minimum, and 
Company member dues to $100 per year both classes 
with substantially broadened membership privileges. The Staff 
now is engaged in promoting the new structure, after first 
announcement at the Chapter Officers Conference in June. 
Implementing the new dues will be the biggest single Staff job 
in 1954-55, and will involve many local meetings with foundry 
management to gain full support for the action and intent. 


12. Recognition 


We desire to extend appreciation for the counsel and guidance 
of the AFS Officers and Directors during the past year os 
an extremely eventful one, beset with many problems which 
were worked out to the Society’s continued progress. Particular 
appreciation -is extended to President Carter during his short- 
ened term of office, for his constant encouragement and energy 
on behalf of AFS. 


Respectfully Submitted, 
Won. W. MALONEY 
General Manager 


July 30, 1954 
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MEMBERSHIP REPORT xxi 


AFS Membership Distribution 














Chapter Sustaining Company Personal Affiliate Associate Junior Honorary Total 
aE Orin eerie ere Br 7 31 112 216 8 7 4 385 
en gc aby Sua e erence 0 12 31 20 4 3 0 70 
la arena 6.0 4 tino wie ] 26 49 86 0 0 l 163 
CD CEE. vn nc cattesdentwe ieee Gt 2 7 27 137 3 18 l 195 
I on nc ceed cebu Wen eae 5 34 56 159 6 8 1 269 
ee or rr l 14 45 130 6 5 l 202 
rr rE. sod Cibo oe aeaee a l 26 65 83 2 l 0 178 
EE oti sc Kicae same oa sade oa ewan 3 19 64 83 5 0 3 177 
CE ink sc isn ci ntwseradesenccesa 3 20 64 39 34 2 7 169 
PS Cevciida he ehh Geode enc geen 23 88 229 435 7 18 6 806 
oe. are rer © ree 12 42 102 118 7 2 3 286 
RE 6d oS a's a aA oe ee Ae oe ee 0 7 9 40 3 l 0 60 
EE to cnc Es das aaldan sn hae Rae eks 9 51 151 284 15 2 10 522 
SEES OLE POOL CP EET 6 39 69 183 18 y 1 $25 
ey Se co. cw eww elenmurece 2 14 $2 58 6 l 0 113 
| Pererree rere eee ere ree 9 59 162 184 22 2 6 444 
RS . eee errr re re 0 7 38 23 0 12 0 80 
ING er Pe ree eater ee ee 2 30 70 234 3 2 0 341 
> ne dive cia'h walxchle ak ae x Roe es 0 7 16 20 0 0 43 
AEE Ea ECE SR Re ee any l 5 48 7 2 0 0 63 
Pe ON i ine co wedesaeeedes 20 78 151 425 13 10 9 706 
i Dd i os Oe Oa ales aia mie 4 21 114 96 8 l 0 244 
es ice ee mennnee 3 17 28 64 l 3 l 117 
EOE roe Tn re 2 22 56 76 2 8 2 168 
ES Rl SE aN, owe ree 5 67 136 168 4 l l 382 
5.6 aici s 4.2.4 amok ned Soni Rand ake 2 8 25 73 3 1 0 112 
a reer rere ee 14 48 130 157 ll 4 4 368 
PR ERY osc cinescecccesesscvccacceses 5 30 60 125 4 1 2 227 
SEP EE 2 ee ee Se eee 1 8 36 49 0 0 0 94 
CT TEE 6. o iwnscavnevecneinoe gen 5 19 25 245 2 26 * 3 $25 
i So ci adv cceneeaweetuwenss l 33 130 114 8 20 0 306 
I EUS a. 4. 55 2 wl ee we aaa eed bs 4 51 161 106 15 2 0 339 
EE, bos cs 3d ve ace ke desea ous wee 0 15 60 96 2 5 0 178 
DN Ko Rk tba Cone ke dk RR SEES 4 32 67 80 6 0 2 191 
ES 55.56 Hhin Wa vawbndondhteenuss 1 5 30 24 $ l 0 64 
Ng 0 win Saby aka hc ord anne Coes ewe l 17 35 73 l 2 l 130 
I To als «alae ab ae 3 0 dele aerate al 0 ll 63 38 2 2 l 117 
UE OE voce cc cvcccevscoe sedan couse 5 25 77 82 7 4 l 201 
Waskimgton .......ccccccscccessecsecens 0 6 41 10 12 l l 71 
Webern WEMOEN on. 6... ccs ceeccdcs 2 29 59 167 3 0 l 261 
SD, DEE WEE ss v0.¢ae oe mpeeeawy 0 36 83 102 2 7 l 231 
II aah ac a & tee sae. made eon lak 18 76 110 341 9g 10 5 569 

TOTAL, REGULAR CHAPTERS ....... 184 1192 3116 5250 269 202 79 10,292 
STUDENT CHAPTERS: 
Massachusetts Institute of Technology .. — — — ~- 5 21 — 26 
Michigan State College ................ — — _- -_— 3 29 teas $2 
Missouri School of Mines .............. — — + — 1 36 me 37 
Northwestern University (Inactive) ..... —_ — — — l aon 1 
Ohio State University ...........cs.00% — — — — 2 -— 13 
Goegem State Colbege .....65 cscccccese _ — — —_ 2 17 os 19 
Pennsylvania State University ......... — ~- — _ 3 36 — 39 
Polytechnic Institute of Brooklyn ...... — — — -- 31 _— 31 
nn Hh. Be OE, GIN on nn sc cccsceccs — — — _- 1 27 — 28 
University of Alabama ................. on — — — 7 24 — $1 
SE CE SUD. “6.5 sc oviacinoweweesen —s _ — _ 10 78 ome 88 
University of Michigan ...............- — — — — 7 95 one 102 
University of Minnesota (Inactive) ..... — — - — 2 - 2 
University of Wisconsin .............+.- — — — a 1 16 a 17 
Tora, STUDENT CHAPTERS .......... —_— —_ — — 42 424 _ 466 
eee 184 1192 3116 5250 $11 626 79 10,758 
DUNNE Sckha iden chose pancecb yh sage eN 0 22 406 8 24 11 2 473 
PORE ode ccw sy scvewsbevesiatves 7 66 95 64 33 2 6 273 
Members in Military Service ........... — —_ —_ — — ane = 47 





SR Ee 191 1280 3617 5322 368 639 87 11,551 
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xxii 
5-Year Comparative Membership Report 
As of June 30, 1950-54, Inclusive 
June 30, 1950 June 30, 1951 June 30, 1952 June 30, 1953 June 30, 1954 
ee ne er ee 197 186 19] 193 191 
PEE. csc s8 <0 wan sass ches cesss 1,229 1,218 1,259 1,278 1,280 
oe oat tsk eadpaleabehee cee 6,571 6,836 7,574 8,471 8,916 
DUNE TNS nino ks ices cccncssessense 550 499 501 567 639 
Beemotary Tiee BEONSES ..... 5... cc ceciesse. 75 71 79 84 87 
TeGermntional DECMRCTS  .oi5 oi. 6 oe sicccweccces 424 396 429 440 438 
chs PRE NCES tS >t eee alee de 9,046 9,206 10,033 11,033 11,551 
Deew Diemer, TF Boomts. 2... 2. csdeccecs. 1,787 2,316 1,850 1,947 1,723 
NINE Fh coal ong dase COWS 5 00S bc cdaacis esse 484 319 193 265 324 
Pe ere eee eee 2,286 1,807 813 565 826 
a ee eee ere tee 34 32 17 32 29 
ee eee (1,017) 158 827 967 518 
Members in Chapters ................ 8,306 8,534 9,320 10,272 11,504 





Minutes 


Special Meeting 1953-54 Executive Committee 
Ambassador East Hotel, Chicago—July 23, 1953 


(1) ROLL CALL: 
President Collins L. Carter, presiding 
Vice-President F. J. Dost 
Elected members: 

H. W. Dietert 
A. L. Hunt 
M. A. Fladoes 
I. R. Wagner 
Secretary-Treasurer Wm. W. Maloney 

(2) A quorum having been established, President Carter 
called the special meeting to order. 

(3) The President announced that the sole purpose of the 
meeting was to select a Nominating Committee to nominate 
Officers and Directors of the Society in accordance with the 
by-laws of the Society. The Secretary reported that 29 Chapters 
were eligible to submit the names of two candidates each for 
Nominating Committee consideration, that all eligible Chapters 
had been duly notified and requested to name candidates by 
July 1, and that 21 Chapters had complied, 8 eligible Chapters 
declining or failing to comply. 

(4) After considering all candidates and factors in the manner 
prescribed in the by-laws, the Executive Committee, on motions 
duly made, seconded and unanimously carried, declared the 
1953-54 Nominating Committee of the Society appointed as 
follows: 


Past President I. R. Wagner (1952-53), Chairman. 

Past President Walter L. Seelbach (1951-52). 

E. C. Austin, Jr., Vice-President & General Manager, 
National Aluminum & Brass Foundry, Inc., Indepen- 
dence, Mo. (Representing Mo-Kan Chapter, Brass & 
Bronze and Light Metals). 

P. D. Coman, Owner, Coman Pattern Co., Tulsa, Okla. 
(Rep. Tri-State Chapter, Patternmaking). 

R. E. Dickison, Asst. Manager, Brass Foundry Co., Peoria, 

Ill. (Rep. Central Illinois Chapter, Brass & Bronze). 

C. Gleason, Foundry Supt., The Gleason Works, 

Rochester, N. Y. (Rep. Rochester Chapter, Gray Iron). 

. J. Grott, Research Metallurgist, Unitcast Corp., Toledo, 

Ohio (Rep. Toledo Chapter, Steel). 

O. Hofstetter, President, Brumley-Donaldson Co., Los 

Angeles (Rep. Southern California Chapter, Supplies). 

W. Williamson, Foundry Supt., Minneapolis-Moline 

Power Implement Co., Hopkins, Minn. (Rep. Twin 

City Chapter, Gray Iron). 

(5) The Secretary was instructed to notify those selected 
and obtain prompt acceptances. 
Respectfully submitted, 
Wo. W. MALONEY 
Secretary-Treasurer 


ror 


r 


Approved: 
Coutiins L. CARTER, Chairman 





Minutes 


Special Meeting 1953-54 Board of Directors 
Ambassador East Hotel, Chicago—July 23, 1953 


(1) ROLL CALL: 
President Collins L. Carter, presiding 
Vice-President Frank J. Dost 

Directors: 

(Terms expire 1954) (Terms expire 1955) (Terms expire 1956) 
H. W. Dietert M. A. Fladoes E. C. Hoenicke 
A. L. Hunt W. J. Klayer M. J. Lefler 
J. T. MacKenzie J. O. Klein C. V. Nass 
A. M. Ondreyco A. D. Matheson G. Ewing Tait 
I. R. Wagner 


Secretary-Treasurer Wm. W. Maloney 
Absent: 
Directors: M. J. O’Brien, Jr. (exp. 1954) 
H. G. Robertson (exp. 1955) 
V. F. Stine (exp. 1956) 
(2) A quorum having been established, President Carter 
called the special meeting to order. 


(3) The President announced that the sole purpose of the 
special meeting was to organize and elect an Executive Com- 
mittee so that the affairs of the Society may be progressed. The 
President requested the Board to elect four of its members 
by secret ballot, designating the Vice-President and the Sec- 
retary to act as tellers. Accordingly, the following Executive 
Committee for 1953-54 was declared formed: 

President Collins L. Carter, Chairman 
Vice-President Frank J. Dost 
Director H. W. Dietert 
Director A. L. Hunt 
Director M. A. Fladoes 
Director I. R. Wagner 
Respectfully submitted, 
Wo. W. MALONEY 
Secretary-Treasurer 
Approved: 
Cotuins L. Carter, President 
August 17, 1953 
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MINUTES OF BOARD MEETINGS 


Minutes 


Xxili 


First Meeting 1953-54 Board of Directors 
Ambassador East Hotel, Chicago—July 24, 1953 


(1) Rott CALL: 
President Collins L. Carter, presiding 
Vice-President F. J. Dost 
Directors: 
(Terms expire 1954) 
H. W. Dietert 
A. L. Hunt 
J. T. MacKenzie 
A. M. Ondreyco 
I. R. Wagner 
(Terms expire 1955) 
M. A. Fladoes 
W. J. Klayer 
J. O. Klein 
A. D. Matheson 
H. G. Robertson 
(Terms expire 1956) 
E. C. Hoenicke 
M. J. Lefler 
C. V. Nass 
G. Ewing Tait 
Secretary-Treasurer Wm. W. Maloney 
Asst. Tech. Director H. J. Heine 
Absent: 
Directors: M. J. O’Brien, Jr. (exp. 1954) 
V. F. Stine (exp. 1956) 
(2) A quorum having been established, President Carter 
called the first meeting of the new Board to order. 


(3) Election of Secretary and Treasurer 
The President announced that nominations were in order 
for the election of a Secretary and Treasurer as the chief 
administrative officer of the Society. Motion was duly made, 
seconded, and carried for re-election of Wm. W. Maloney as 
Secretary-Treasurer for a term of one year. 


(4) Fixing of Staff Compensations 

In executive session, with members of the Staff excluded, the 
Board of Directors approved salaries and compensations for 
Staff members as recommended by the Finance Committee, for 
the fiscal year 1953-54. 

(5) Approval of Income & Expense Budgets 

The Finance Committee presented for discussion and 
approval a 2-year budget of estimated Income and Expense 
covering the period July 1, 1953 to June 30, 1955, inclusive, 
budgets for the second year to be reviewed in July 1954. Follow- 
ing discussion of major items of income and expense recom- 
mended, the 2-year budget was approved by the Board of 
Directors on motion duly made, seconded and carried, the 
Chairman pointing out that preparation of budgets for the 
two years ahead, in view of prevailing estimates of industrial 
conditions, involved many difficult evaluations. 

Separate Expense budgets for the Safety & Hygiene and Air 
Pollution Program, covering 1953-54 and 1954-55, were approved 
on motion duly made, seconded and carried. The Secretary 
reaffirmed the need for review of the 1954-55 budget in July 
1954, in terms of the probable need for additional funds for 
research and field equipment in factual studies of air pollu- 
tion control methods. 


(6) Appointment of Board Committees 
At the President's request, the Board approved appointment 
of the following Board Committees for 1953-54, as authorized 
in the by-laws: 
Executive Committee (as elected) 
C. L. Carter, Chairman 


F. J. Dost 
H. W. Dietert 
A. L. Hunt 


M. A. Fladoes 
I. R. Wagner 
Finance Committee (per By-Laws) 
C. L. Carter, Chairman 
F. J. Dost 
I. R. Wagner 


Chapter Contacts Committee 
Vice-Pres. F. J. Dost, Chairman 
(All AFS Directors as assigned). 

Board of Awards 1953-54 
F. J. Walls, Chairman 
S. V. Wood 
E. W. Horlebein 
W. B. Wallis 
Walton L. Woody 
W. L. Seelbach 
I. R. Wagner 
(As reconstituted due to death of Max Kuniansky) 

Annual Lecture Committee 
H. Bornstein, Chairman 
G. P. Halliwell 
C. F. Joseph 
S. C. Massari 
C. E. Sims 
R. F. Thomson 

Board Research Committee 
M. A. Fladoes, Chairman 
H. W. Dietert 
J. T. MacKenzie 
A. D. Matheson 
G. Ewing Tait 
I. R. Wagner 

Publications Committee 
H. J. Rowe, Chairman 
H. W. Dietert 
G. K. Eggleston 
C. B. Jenni 
M. J. Lefler 
S. C. Massari 
W. D. McMillan 
(As recommended by Publications Committee.) 


Technical Correlation Committee 
W. W. Levi, Chairman 
C. L. Carter, Vice-Chairman 
(Chairmen of Divisions and General Interest 
Committees.) 
Housing Action Subcommittee 
R. J. Teetor, Chairman 
G. H. Clamer 
F. C. Riecks 
W. L. Seelbach 
W. B. Wallis 
Walton L. Woody 
Editorial Advisory Committee 
A. L. Hunt, Chairman 
E. C. Hoenicke 
W. J. Klayer 


M. J. Lefler 
C. V. Nass 
H. G. Robertson 
V. F. Stine 


1954 Committee of Exhibitors 
C. L. Carter, Chairman 
*L. L. Andrus 
**F, B. Flynn 
J. A. Gitzen 
*L. H. Heyl 
**L. H. Heyl 
*Thos. Kaveny, Jr. 
E. F. Kindt 
R. L. Mcllvaine 
*C. V. Nass 
*H. J. Niemann 
F. A. Pampel 
Cc. A. Sanders 
*V. F. Stine 
(*Repr. F. E. M. A. **Repr. F. F. M. A.) 
National Castings Council Representatives 
President Collins L. Carter 
Vice-President F. ]. Dost 
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International Committee Delegates 
Collins L. Carter, Chairman 
I. R. Wagner 
W. L. Seelbach 
Wm. W. Maloney 
(Delegates to 1953 International Congress) 
Board Liaison to Education Division 
A. L. Hunt 
Board Liaison to Steering Committee 
of S&%H&AP Program 
E. C. Hoenicke 
V. F. Stine 


(7} Appointment of N. C. C. Representatives 


The President stated that AFS, as a member of the National 
Castings Council, was required to name two official representa- 
tives to that body, one of whom must be the Society President. 
On motion made, seconded and unanimously carried, Vice- 
President Dost was elected to serve as the second AFS repre- 
sentative, the Secretary to notify N. C. C. accordingly. 


(8) Recommendations of 1952-53 Board 


(A) Minutes of the meeting of the 1954 Committee of Ex- 
hibitors, held July 14, 1953, were read, recommending Exhibit 
hours for the 1954 Convention and Exhibit. Approved on 
motion made, seconded and carried. 

(B) Publications Committee. Minutes of the meeting of the 
Publications Committee, held June 25, 1953, were read and 
accepted, pending approval by Chairman H. J. Rowe. The 
following recommendations of the Committee were approved 
by the Board: 

(1) List of recommended new publications, within the limits 
of the approved Expense budgets for 1953-55, with the under- 
standing that the Committee may request additional appro- 
priations when budgeted sums have been properly exhausted; 
(2) urgency of revised edition of “Cast Metals Handbook,” 
out of: print; (3) printing of TRANSACTIONS on basis of pre- 
publication sales, plus gratis copies requested, plus 300 
copies for stock; (4) resignations of C. H. Lorig, H. M. 
St. John and F. J. Walls from Committee, and replacement 
by C. B. Jenni, G. K. Eggleston and S. C. Massari, respectively. 
(C) Safety & Hygiene & Air Pollution. It was urged that 

the Program be better publicized through the Chapters, and 
that the Directors should be supplied with data to be utilized 
in Chapter contact visits. It was also suggested that effort be 
made to have a report of SkKH&AP activities made before the 
annual meeting of each foundry trade association. 

While it was agreed that the SkH&AP Committee of the 
Board need not be reappointed, it was the consensus that the 
Board should maintain closer liaison with the Steering Com- 
mittee of the SkKH&AP Program. Accordingly, President Carter 
appointed Directors Hoenicke and Stine to meet with the Steer- 
ing Committee at its next meeting, and recommend to the 
Board at its November meeting a plan of action for vigorous 
promotion of the program. 

(D) Educational Activities. The Secretary reported on efforts 
to employ an Education Director for AFS and stated that the 
search was continuing. It was suggested that a Board liaison 
to the Executive Committee of the Education Division would 
emphasize official AFS interest and keep the Board better 
posted on activities. Accordingly, President Carter appointed 
Director Hunt for this activity. 

(E) AFS Building Financing. In view of the fact that bids 
for construction of the Headquarters Building were unobtain- 
able in time for the annual Board meetings, motion was made, 
seconded and carried, authorizing the Housing Action Sub- 
committee to open and inspect all bids, select the successful 
bidder, and award the construction contract to the bidder thus 
selected. 

The President pointed out that, while the Board had auth- 
orized a maximum expenditure of $200,000 for the new Build- 
ing, latest estimates indicated that the final structure would 
somewhat exceed $240,000. On motion duly made, seconded 
and carried, the Board authorized a total expenditure of not 
to exceed $242,000, the difference between total cost and con- 
tributed funds to be financed by the Board. 

Following a discussion on methods of financing, the Finance 
Committee was directed to study the matter and make recom- 
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mendations for action at the next meeting of the Board, when 
the results of renewed solicitation efforts will be better known. 


(F) New England Questionnaire. The Secretary reported on 
results from a questionnaire sent to all AFS members in New 
England in order to determine interest jn establishing a new 
AFS Chapter. The report showed 87 questionnaires returned, 
with 63 affirmative and 24 negative. Of the affirmative replies, 
19 were from Administrative personnel (owners, presidents, 
etc.), 21 from Production personnel, 13 Process Control person- 
nel, 5 Education personnel, and 5 Miscellaneous. 

It was the consensus of the Board that the number of affir- 
mative replies was most encouraging, and that all replies should 
receive a report so indicating. 

(G) Research Projects. Recommendations of the 1952-53 
Board for continuation of AFS-sponsored research were approved 
on motion made, seconded and carried, authorizing a 2-year 
budget of $70,000 for projects as recommended by the Board 
Research Committee. Expenditures authorized for 1953-54 as 
follows: Gray Iron $5000, Heat Transfer $4000, Light Metals 
$6500, Malleable Iron $6500, Sand $6500, total $28,500. Brass 
and Bronze, no appropriation, project concluded. Steel, no 
appropriation, project being conducted at cooperating foundry 
plants. The Staff was urged to investigate the possibility of 
further projects for Brass & Bronze and Steel, for recommen- 
dations to the Board Research Committee. 

(H) Retirement Contracts. Recommendations of the 1952-53 
Board for continuation of retirement contracts with C. E. Hoyt 
and R. E. Kennedy, retired, were considered. On motion duly 
made, seconded and carried, the two contracts were ordered 
renewed as of July 1, 1954, each for a period of seven years 
to June 30, 1961, either contract to terminate in the event of 
the death of the named principal. 

(1) Revision of By-Laws. Recommendations of the 1952-53 
Board on revision of existing Society by-Laws were reviewed. 
On motion made, seconded and carried, the new Board approved 
the revisions proposed by the By-Laws Committee, including 
waiver of dues for members in military service of the United 
States or Canada, and revision of Publications Committee 
duties, excluding those sections covering reorganization of the 
Board. 

The new Board then considered recommendation of the old 
Board concerning total consist of the Board. In view of the 
fact that incoming Directors had not been able to vote at the 
meeting of the old Board, the Board reorganization plan as 
originally proposed was discussed in detail. Motion then was 
duly made, seconded and carried: 

“Tuat Art. V, Sec. 2 of the proposed By-Laws be revised 
to read: The Board of Directors shall consist of the President, 
the Vice-President, the immediate past President and 21 other 
members, six of whom shall be elected at the annual meet- 
ing each year to serve terms of three years each, and one 
whom shall be appointed annually by the Board of Directors 
to serve a term of three years, all terms to begin the day 
following the close of the annual meeting of the Society. 

The remaining sections of the proposed By-Laws which con- 
cerned reorganization of the Board of Directors were then con- 
sidered in detail and the following revisions approved on 
motions duly made, seconded and carried: 


Art. V, Sec. 3—The Annual Meeting of the Board of 
Directors shall be held within 90 days after the close of the 
fiscal year, June 30. There shall be a minimum of two Board 
meetings during each fiscal year. All meetings of the Board 
of Directors shall be held at a time and place designated by 
the President. Twelve members shall constitute a quorum. 


Art. VII, Sec. 1—The territory of the United States, Canada 
and Mexico shall be divided into Regions of the Society, and 
all Chapters of the Society shall be designated within these 
Regions. The Regional organization shall be determined by 
the Board of Directors. 

Art. VII, Sec. 2—The Board of Directors shall elect, from 
its own membership and on recommendations of the Directors 
within each Region of the Society, one Director from each 
Region to serve as Regional Vice-President. Regional Vice-Presi- 
dents shall be elected at the annual meeting of the Board 
of Directors. They shall serve terms of one year each and 
may not serve more than two years. 

Art. VIII, Sec. 1—The Board of Directors at its first meet- 
ing each fiscal year shall elect three members from among the 





a“ 


al 


ol 


of 
el 


hi 


C 
in 
m 
p! 


ye 


fr 


th 
ab 


co 


of 
in, 
me 
of 


me 
acl 
Di 
off 
be 
he 


pr 
sh: 
the 
col 
Ch 


— wy 


Fe we = "v 





MINUTES OF BOARD MEETINGS 


Regional Vice-Presidents, who, together with the President, 
Vice-President, and immediate past President, shall constitute 
an Executive Committee of six members with power to act 
for the Directors in the interim between meetings of the Board 
of Directors. Regional Vice-Presidents may not succeed them- 
selves on the Executive Committee. 

Art. XI, (Former Art. X) Sec. 1—The Board of Directors 
of each Chapter, with the exception of Student Chapters, 
eligible to have a member on the Nominating Committee as 
herein provided, shall annually select two candidates from the 
Chapter membership for consideration to the Nominating 
Committee, such candidates preferably representing different 
interests or divisions of the industry within the Chapter 
membership. The Secretary shall notify each eligible Chapter 
prior to May 15 each year, and the names of the candidates 
shall be forwarded to the President prior to July 1 of each 
year. 

Art. XI, Sec. 2—On or before October 1 of each year the 
Executive Committee of the Board of Directors shall appoint, 
from the lists of candidates furnished by the Chapters, five 
members of the Society to a Nominating Committee, each mem- 
ber representing a separate Region of the Society. These five 
members, together with the two immediate living past Presi- 
dents. shall constitute a Nominating Committee of seven 
members. 

In appointing the Nominating Committee, the Executive 
Committee shall consider representation for the several branches 
of the Castings Industry. 

Art. XI, Sec. 3—No change from present By-Laws. 

Art. XI, Sec. 4—The immediate past President serving on 
the Nominating Committee shall be the Chairman. In the 
absence of the Chairman, the Nominating Committee shall select 
a Chairman. Four members of the Nominating Committee shall 
constitute a quorum. 

Art. XI, Sec. 5—The names and addresses of the members 
of the Nominating Committee shall be published to the mem- 
bers of the Society in AMERICAN FOUNDRYMAN, in the November 
issue or earlier. At the same time, but not later than November 
1, the Secretary shall notify the Chairmen of all Chapters of 
the Society, requesting that the names of qualified members 
of the Society be forwarded to the Chairman of the Nominat- 
ing Committee, for consideration by that Committee. Any 
member of the Society may also suggest any qualified member 
of the Society for consideration by the Nominating Committee. 

Art. XI, Sec. 6—No change from present By-Laws. 

Art. XI, Sec. 7—-On any day at least 90 days prior to the 
Annual Business Meeting, the Nominating Committee shall 
meet at a time and place designated by the Chairman and, 
acting in accordance with procedure approved by the Board of 
Directors, shall name candidates for the office of President, the 
office of Vice-President, and for each Directorship that shall 
become vacant at the time of the annual meeting of the Society 
held in accordance with the provisions of these By-Laws. 

The Nominating Committee shall at all times endeavor to 
provide equitable and constant Regional representation, and 
shall also consider representation for the several branches of 
the castings industry. The Nominating Committee shall give 
consideration to written endorsements from members and from 
Chapters of the Society. 

(In order to expedite reorganization of the Board of Directors, 
in the first fiscal year during which these By-Laws become effec- 
tive, the Nominating Committee shall nominate six Directors 
to serve terms of three years each, one Director to serve a term 
of two years, and one to serve a term of one year. The Nom- 
inating Committee shall determine the terms of office for each 
nominee.) 

Art. XI, Sec. 8—The Chairman of the Nominating Com- 
mittee shall obtain acceptance of the Candidates nominated. 
In cases where acceptance cannot be secured, other nominations 
shall be made prior to adjournment of the Nominating Com- 
mittee. The Chairman shall report the names of the nominees 
to the Secretary, who shall publish the report by mail or in 
AMERICAN FOUNDRYMAN to all members of the Society at least 
60 days prior to the Annual Business Meeting. 

The Chairman shall supply the Secretary with minutes of 
the meeting of the Nominating Committee. Such minutes shall 
be held confidential and may be used only as guidance for 
succeeding Nominating Committees. 
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Art. XI, Sec. 9—After the report of the Nominating Com- 
mittee has been published, and at any time 45 days prior to 
the date of the Annual Business Meeting, additional nomina- 
tions may be made by written petition filed with the Secretary 
and signed by 200 members in good standing. 

Art. XI, Sec. 10 (New Section)—At the last regular meet- 
ing of the Board of Directors preceding the Annual Business 
Meeting of the Society, the Board of Directors shall select, 
by ballot of its membership present, one member of the 
Society as a Director to serve a term of three years. In elect- 
ing the Director, the Board shall consider actions of the 
Nominating Committee with regard to both Regional and in- 
dustrial representation. 

(In order to expedite the reorganization of the Board of 
Directors as provided in these By-Laws as revised, in the first 
fiscal year during which these By-Laws become effective, the 
Board of Directors shall select in the same manner, two 
additional Directors, one of whom shall serve a term of two 
years and one a term of one year. The terms of the Directors 
shall be determined by the Board of Directors.) 

Following approval of By-Laws revisions, the Board on 
motion duly made, seconded and carried, one Director dissent- 
ing, received the final report of the By-Laws Committee and 
accepted same as revised by the Board of Directors. Since 
the By-Laws Committee is not to be reappointed at the present 
time until further revisions become necessary, the Secretary 
was instructed to so inform the By-Laws Committee and to 
extend the thanks of the Board of Directors for its thoroughness 
and cooperation. 


(9) New Business 


(a) Bank Resolutions. The following resolutions required by 
banks of deposit for the withdrawal of Society funds and docu- 
ments were approved on motions duly made, seconded and 
carried: 

(1) ResoLvep that resolutions required by the Harris Trust 
& Savings Bank of Chicago, authorizing the withdrawal of 
Society funds, are hereby approved and _ the - Secretary 
authorized to certify thereto. 

(2) Resotvep that checks for the withdrawal of funds de- 
posited in the name of the Society with depository banks, 
including all General Checking accounts and Interest Savings 
accounts, and for the disposition of all securities held in 
the various funds of the Society by the Trust Department of 
the Harris Trust & Savings Bank of Chicago, shall require 
the signature of any two of the following Officers: President, 
Vice-President, Secretary-Treasurer, Chief Bookkeeper. 

(3) ResoLvep that the Secretary be authorized to maintain a 
safety deposit box in the name of the Society at the Harris 
Trust & Savings Bank of Chicago for the safekeeping of 
Society documents, and that any two of the following have 
authority to obtain access to such safety deposit box: Presi- 
dent, Vice-President, Secretary-Treasurer, Chief Bookkeeper. 

(4) Resotvep that the Secretary be authorized to execute all 
contracts for the administration of Society affairs, subject 
to specific approval by the Board of Directors. In the case 
of AFS-sponsored research projects, approval of the project 
by the Board of Directors includes authority for the Secre- 
tary to execute contracts for performance of such projects 
on a bid basis. 

(5) Resotvep that the Secretary be authorized to reimburse 
traveling expenses for members of the Society in attendance 
at any regularly called Board of Directors, Executive Com- 
mittee, or Technical Committee meeting, with the following 
exceptions: No expenses shall be paid to Directors or Com- 
mittee members for attendance at meetings held during the 
week of the Annual Convention of the Society, unless 
specifically authorized by the Board of Directors. When meet- 
ings are held in conjunction with other committees or asso- 
ciations, the Secretary is authorized to determine what por- 
tion of the expense of such attendance shall be paid by the 
Society. 

(6) Reso_vep that the Secretary be authorized to negotiate 
the compensations of necessary Staff employees below $6000 
per year, and that Finance Committee approval be required 
on all compensations of $6000 per year or more. 

(7) Resotvep that Indemnity Bonds be maintained cover- 
ing responsible financial officers of the Society as follows: 
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(1) Blanket Position Indemnity Bond covering all Staff mem- 
bers in the amount of $5000; (2) additional Indemnity Bonds 
in the amount of $15,000 each covering the Bookkeeping 
Staff; (3) additional Indemnity Bonds in the amount of 
$45,000 each covering the Secretary-Treasurer and Chief 
Bookkeeper; (4) additional Indemnity Bonds in the amount 
of $20,000 each covering the President and Vice-President of 
the Society. All premiums for such Indemnity Bonds to be 
paid by the Society. 


(B) Chapter Officers Conference 1954. It was pointed out that 
the 1952-53 Board had previously voted to hold the 1954 Chap- 
ter Officers Conference as two separate meetings, one in June 
for Program Chairmen only, one in September for Chapter 
Chairmen only. However, in view of practically unanimous 
recommendation of Chapter delegates at the 1953 Conference, 
other action by the new Board was suggested. 

On motion duly made, seconded and carried, the Board 
authorized holding the 1954 Chapter Officers Conference in 
June as a single joint session as in 1953, superseding previous 
action by the 1952-53 Board. The Secretary was instructed to 
notify the Chapters accordingly. 

(c) Convention Registration Fees. On motion made, seconded 
and carried, the Board approved recommendation of the Finance 
Committee that registration fees for the 1954 Convention & 
Exhibit be $2.00 each for members, $5.00 for non-members, 
no fee to be charged qualified Exhibitor representatives assigned 
to man their firms’ exhibit booths, and including provision for 
advance registration of employees of Company and Sustaining 
members at the member fee of $2.00 each. 

(d) Exhibit Space Rentals. On motion made, seconded and 
carried, the Board approved recommendation of the Finance 
Committee that an Exhibitor Permit Fee of $25.00 be charged 
1954 Exhibitors, and that available exhibit space be charged 
for at the rate of $3.00 per square foot as in 1952. 

(e) Convention City 1955. Invitations from Houston, Texas, 
and Cincinnati were presented, inviting AFS to hold the 1955 
non-exhibit Convention in those cities. On motion made, sec- 
onded and carried, the invitation of Houston was accepted, 
with the understanding that sufficient rooms in first-class hotels 
for the attendance estimated would be made available. 

(f) Convention & Exhibit City 1956. The Secretary pointed 
out that only three cities (Cleveland, Atlantic City, and Phila- 
delphia) at present have exhibit and convention meeting 
facilities sufficient to adequately take care of AFS needs in an 
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exhibit year. The 1952 event having been held in Atlantic City, 
and Cleveland on schedule for 1954, the Staff recommended 
meeting in Philadelphia in 1956, as recommended by the Ex- 
hibits Committee. On motion made, seconded and carried, the 
Staff recommendation was approved. 

(g) Calendar of Future Conventions. In the interest of better 
future planning for the Society's convention and exhibit re- 
quirements, the Secretary offered a Calendar of Future Con- 
ventions for approval. Following discussion, the Secretary was 
authorized to develop further interest among the various cities 
suggested, for future action by the Board. 

(h) Student Chapter Insignia. The Secretary presented a 
suggestion from the Ohio State Student Chapter of AFS that 
the Society develop a “Student key” similar to one in use by 
the Ohio group, as standard for Student Chapter use. On 
motion made, seconded and carried, the Secretary was authorized 
to develop a suitable Student insignia. 

(i) Contribution to F. E. F. Director Hoenicke asked consider- 
ation of a contribution of $100 from AFS as an annual con- 
tributing member of F. E. F. with two official Trustees. After 
some discussion as to the propriety of such a contribution, the 
request was approved on motion made, seconded and carried, 
and the Secretary authorized to arrange for the contribution 
at an early date. 

(j) Education Stimulation. The need for further stimulation 
of foundry education in secondary schools was further empha- 
sized. On motion made, seconded and carried, the Board voted 
to develop with the Board of Awards some proper use of the 
S. Obermayer Funds for use by the Education Division. 

(k) Chapter Contacts Committee. Vice-President Dost, Chair- 
man of the Chapter Contacts Committee for 1953-54, thanked 
the Directors for accepting the assignments of official Chapter 
visits during the year. 


(10) Official Schedule of Events 1953-54 


The Secretary presented an Official Schedule of AFS events 
for the fiscal year 1953-54 which, on motion made, seconded 
and carried, was accepted by the Board. 
Respectfully submitted, 
Wo. W. MALONEY 
Secretary-Treasurer 

Approved: 

Coiiins L. Carter, President 

August 17, 1953 





Minutes 


Meeting of 1953-54 Board of Directors 
Drake Hotel, Chicago—November 16, 1953 


(1) ROLL CALL: 
President Collins L. Carter, presiding 
Vice-President F. J. Dost 
Directors: 
(Terms expire 1954) 
A. L. Hunt 
M. J. O’Brien, Jr. 
I. R. Wagner 
(Terms expire 1955) 
M. A. Fladoes 
W. J. Klayer 
J. O. Klein 
A. D. Matheson 
H. G. Robertson 
(Terms expire 1956) 
E. C. Hoenicke 
M. J. Lefler 
C. V. Nass 
G. Ewing Tait 
Secretary-Treasurer Wm. W. Maloney - 
Acting Technical Director Hans J. Heine 
Absent: 
Directors: H. W. Dietert (exp. 1954) 
J. T. MacKenzie (exp. 1954) 
A. M. Ondreyco (exp. 1954) 
V. F. Stine (exp. 1956) 


(2) A quorum having been established, President Carter 
declared the meeting in order. 


(3) Approval of Minutes 


Minutes of the Board Meeting held July 24, 1953, having been 
approved earlier by letter ballot of the Board, complete read- 
ing was dispensed with and certain sections only briefed for 
discussion purposes. 


(4) Report of The Secretary 


The Secretary reported that membership on October 31, 1953, 
was 11,065, a net gain of 32 over the total of 11,033 on June 
30 last. This compares with a net gain of 357 for the same 
time the previous year. The Secretary pointed out the need 
for increased membership work in view of business conditions. 

There were no new Chapters reported or pending. The Sec- 
retary reported that eight regional conferences were scheduled 
for 1953-54. 

He also stated that the possibility of having a “National 
Committee Week” in early June was being explored, similar to 
A.S.T.M. activity. 

The Secretary reported excellent progress on the 1954 
Exhibit, showing considerable interest, with continued progress 
in arranging Convention activities. 

The Secretary also reported briefly on Safety and Hygiene and 
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Air Pollution activities, including work on the Air Pollution 
Manual, Dust Control and Ventilation Manual, Safety Training 
Course held September 30-October 1 at Pittsburgh, Pa., Safety 
and Hygiene Institute held November 23-24 at the University 
of Minnesota, and related meetings. He also announced that 
on October 20 AFS received an award for Society activities 1n 
the field of foundry safety from the National Safety Council. 

On motion made, seconded and carried, the report of the 
Secretary was accepted and is made a part of these minutes. 


(5) Report of The Treasurer 


In reporting on Society finances, the Treasurer presented 
statements showing, as of October 31, 1953: Income of $157,588 
compared with $159,496 forecast; Expense of $188,722 com- 
pared with $200,425 forecast; actual Excess Expense $31,163 
compared with $40,929 forecast. Individual items of divergence 
from the budget were explained. 

The financial reports included an Income and Expense state- 
ment for the SkH&AP program, statement of all Official Travel 
& Expense during the first 4 months, statement of Investments, 
and Sales of Publications. 

On motion duly made, seconded and carried, the report of 
the Treasurer was accepted and is made a part of these minutes. 


(6) Report of The Technical Activities 


The report on Technical Activities during the first four 
months was presented by Acting Technical Director Heine. He 
reported on the development of papers for the 1954 Convention, 
the Annual Lecture by Director H. W. Dietert, and progress 
in Apprentice Contests. 

The report on Publications stated that 2300 copies of the 
1953 TRANSACTIONS were being printed, compared with 1500 
the previous year, due to a 56 per cent increase in pre-publica- 
tion orders. On Special Publications, he referred to 10 major 
publications under way, of which 3 have been completed. 

Brief reports were presented on research projects on Brass 
& Bronze, Gray Iron, Heat Transfer, Light Metals, Malleable 
Iron, Sand, and Steel. In Brass & Bronze, results of a fracture 
test are being widely distributed for promotion of use, research 
also to be broadened. The Light Metals Division is now working 
on a new film covering vertical gating systems, to which Frank- 
ford Arsenal is contributing an additional $15,000 te further 
the work. 

The report mentioned gratifying results in Malleable research, 
repair of a dilatometer used for Sand research, and a decision 
to use the $12,000 so generously made available to AFS by 
American Steel Foundries for advancement of present research 
on hot tears. 

The report included mention of the handling of technical 
inquiries, Chapter talks, and visits to related foundry societies 
and foundry plants in the process of becoming acquainted with 
the membership. 

The report on Technical Activities was accepted with com- 
mendation and is made a part of these minutes. 


(7) American Foundryman 


The Secretary reported separately on AMERICAN FOUNDRYMAN, 
announcing publication of the magazine at the end of the 
preceding month, instead of on the 15th of the month of 
publication, as previously. He state that new advertising rates, 
previously voted by the Board, went into full effect on 
September 30. 


(8) By-Laws Ballot 


The Secretary reported that revision of the AFS By-Laws 
had been submitted to the membership by order of the Board, 
resulting in a total of 2683 ballots being cast, compared with 
2223 on the occasion of the last general revision in 1948, or a 
21 per cent increase. A total of 2482 full ballots were cast 
“For” all revisions, and 20 “Against.” On all split ballots, 
votes “For” averaged over 100 per cent greater than votes 
“Against.” Thus, the proposed revisions were overwhelmingly 
approved by the membership voting, effective December 1, 1953. 


(9) AFS Headquarters Building 


The President and Secretary reported that general contractor 
bids for construction of the Headquarters Building in Des- 
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Plaines, Ill., were received on November 2 by the Housing 
Action Subcommittee and seven bids were opened. General 
contract was then let to Edwin E. Husak of Chicago, lowest 
bidder, for $232,000, following trans-oceanic telephone conver- 
sation with President Carter and Housing Committee Chair- 
man Teetor, both then enroute to the U. S. aboard the “S. S. 
Liberte.” 

President Carter having approved acceptance of the lowest 
bid, provided Board approval was also obtained, the Secretary 
personally obtained approval by a majority within 24 hours, 
and the contract thus was let. Ground was broken on November 
9, contract calling for completion in 220 days (June 17, 1954). 

The total cost of the project (including construction, land, 
architect, supervision and landscaping) being estimated to total 
$275,000, President Carter reminded the Board that previous 
approval of the Board was for a total expenditure of only 
$250,000. The Board then voted, on motion duly made, seconded 
and carried, to authorize a total expenditure of $275,000. 

President Carter announced reopening of solicitation of build- 
ing funds on September 15, the total on November 14 having 
reached $165,913. He requested all members of the Board to 
assist in the solicitation work when called on, and the Secretary 
of the Society was instructed to head up the new campaign. 
At the same time, the President stated that the Society was 
deeply indebted to F. C. Riecks and to the firm of Giffels 
& Vallet for the completion of plans and specifications. Mr. 
Riecks is to continue as the owner's sole representative through 
completion of the building and final discharge of the general 
contractor. 


(10) 1953 International Foundry Congress 


President Carter reported briefly on the International Foun- 
dry Congress held in Paris in September 1953 and attended by 
some 200 representatives of the American foundry industry, 
the greatest American representation ever present at an In- 
ternational in Europe. Official AFS attendance included the 
International President, the AFS President, 5 past Presidents, 
4 present Directors, 6 past Directors, and the AFS Secretary. 


(11) Report on Chapter Contacts 


Vice-President Dost, as Chairman of the Chapter Contacts 
Committee, urged all Directors to make their assigned Chapter 
contacts as early as possible so as to urge greater concentration 
on membership work and maintain close and friendly rela- 
tions between the Board and Chapters. He expressed hope that 
all Chapters would be contacted at least once during the year. 


(12) Report of N. C. C. Representatives 


President Carter reported briefly as an AFS representative 
to the National Castings Council, stating that no meeting of 
the Council had been held thus far in the current year. 


(13) Board Liaison to S&KH&AP Steering Committee 
Director Hoenicke reported, as Board Liaison to the SkH&AP 
Steering Committee, following a meeting with that Committee 
in September. He expressed concern that the intended SkH&AP 
publications would put AFS into political rather than technical 
activities. He stated that the National Castings Council shares 
responsibility with AFS in the program and should be officially 
represented on the Steering Committee. He also felt that the 
AFS Board should review and approve, in advance, anything 
intended to be published under the SkH&AP program. 
Statement of background of the program was presented by 
the Secretary, and the AFS Board policy statement of Septem- 
ber 30, 1950, was read, outlining the scope of the AFS program, 
as follows: 
“It is the recommendation of this Committee that the 
Safety and Hygiene and Air Pollution Program of AFS be 
devoted to research and the accumulation of engineering data 
for the development of recommended practices in the field of 
Foundry Safety, Hygiene and Air Pollution.” 
Following discussion, the Board took the following action, 
on motion made, seconded and carried: 
Tuat any published material emanating from the SkKH&AP 
program of AFS shall be published only with prior approval 
by the AFS Board of Directors, and the National Castings 
Council shall be invited to appoint at least one, but not more 
than two official representatives to the SkH&AP Steering 
Committee. 
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(14) Report of AFS Trustees to F. E. F. 


In the absence of W. L. Seelbach, Director Robertson reported 
briefly as the second AFS Trustee of the Foundry Educational 
Foundation, stressing the progress made in scholarships provided 
and students completing the prescribed courses. 


(15) Other Board Committees 


No reports were presented by the following Board Com- 
mittees: Finance (included in the Report of the Treasurer); 
Publications (meets annually); Research (no meeting since 
June); Exhibits (actions for 1954 Exhibit completed in July); 
Retirement Trustees (meeting planned at a later date); Liaison 
to Education Division. 


(16) Interpretation of New By-Laws 


The Secretary requested action by the Board to clarify pro- 
visions of the new By-Laws pertaining to Junior Members 
(under 25 years of age), because of the hardship on students 
over 25 in AFS Student Chapters. On motion duly made, 
seconded and carried, the Finance Committee was authorized 
to work out, with the Secretary, as equitable an arrangement 
as possible at an early date. 


(17) Financing of AFS Headquarters Building 


Those present for discussion were: Housing Committee 
Chairman R. J. Teetor; F. C. Riecks, owner’s representative; 
W. N. Davis, Staff liaison on the Headquarters Building. 

Mr. Teetor sketched in the background of the building pro- 
ject. Mr. Riecks detailed the steps leading up to completion of 
the plans and specifications and the awarding of the general 
contract. Secretary Maloney presented information on the 
Building Fund to date. President Carter then stated that, while 
effort would be made to raise the entire $275,000 required 
through renewed solicitation of contributions, the possibilities 
of obtaining required outside financing should be explored. 

The President read a communication from the Harris Trust 
& Savings Bank of Chicago, outlining various methods of 
financing. He stated that he personally favored obtaining term 
credit with the bank, pledging securities in the AFS Investment 
Agent Account as collateral. 

In view of the renewal of solicitation for contributed funds, 
the Finance Committee recommended that final decision on 
financing be tabled until the next Board meeting in February 
Tabled, on motion duly made, seconded and carried. 


(18) AFS Annual Banquet 1954 


The Secretary sought Board reactions to the recommendation 
of the Exhibits Committee for staging the 1954 Annual Banquet 
with entertainment, as in 1952, but expressing some concern 
over the ability to break even on expense if the tickets were 
priced at $10.00 per person as in 1952. Motion was made, 
seconded and carried 

Tuar the 1954 Annual Banquet be staged with entertainment 

as in 1952, and that tickets be so priced as to avoid loss 

on the event, but the price not to exceed $12.00 per person. 


(19) Resignation of Director V. F. Stine 


A letter received from Director V. F. Stine was read, expressing 
deep regret for the fact that added business commitments 
compelled him, with reluctance, to tender his resignation as a 
National Director. President Carter, speaking for the Board, 
expressed sincere regrets and directed the Secretary to convey 
the sentiments of the Board accordingly. 

On motion duly made, seconded and carried, Director Stine’s 
resignation was accepted, to become effective December 2, 1953. 


(20) Appointment of New Director 


To fill the vacancy created by the resignation of Director 
Stine, President Carter cited the new by-laws effective December 
1, 1953, authorizing the Board to appoint a Director to fill the 
unexpired term of office. Nominations being declared in order, 
the name of Thomas Kaveny, Jr., President of Herman Pneu- 
matic Machine Co., Pittsburgh, Pa., was placed in nomination. 

Motion was made that nominations be closed and a unani- 
mous ballot of the Board be cast for appointment of Mr. 
Kaveny. Motion seconded and carried. Director Nass was re- 
quested to obtain Mr. Kaveny’s consent to serve. 
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(21) Revision of The AFS Charter 


The Secretary pointed out a previous agreement of the Board 
that the AFS charter should be revised and brought up to date 
following letter ballot approval of the new by-laws. To accomp- 
lish this, the following resolution, prepared by the AFS attorney, 
W. H. Alexander of Chicago, was offered: 

“RESOLVED that, subject to the approval of the voting mem- 

bers, to be obtained by letter ballot, Article 2 of the Cer- 

tificate of Organization be and it is hereby amended to read: 

“2. The exclusive object of this Society shall be, through re- 

search and education, to advance the arts and sciences re- 

lating to the manufacture and utilization of metal castings.” 
On motion duly made, seconded and unanimously carried, the 
resolution was approved and the Secretary instructed to advance 
the revision of the Society’s charter. 


(22) Petition for Changing Committee Name 


The Acting Technical Director presented a petition of the 
Timestudy & Methods Committee for changing its name to 
“Industrial Engineering Committee” as a tithe more descrip- 
tive of the nature and scope of present-day activities. On motion 
duly made, seconded and carried, the petition was accepted. 


(23} Request for Steel Research Expense 


The Acting Technical Director requested approval for con- 
struction of new core boxes, at a total estimated cost of $800, 
for furthering the Steel Division research on hot tears in steel 
castings, being pursued at several cooperating foundries. The 
expenditure was approved on motion duly made, seconded and 
carried. 


(24) Request for Brass & Bronze Research Funds 


The Acting Technical Director requested approval of the 
Board for an expenditure of $3000 on Brass & Bronze research 
for the balance of the fiscal year, as recommended by the 
members of the Board Research Committee. The funds were 
approved on motion duly made, seconded and carried, with the 
suggestion that Mr. Heine make personal contact with the Brass 
& Bronze Ingot Institute. 


(25) Government Research Foundry 


The Secretary notified the Board of a project to build a 
Government Research Foundry, stating that the attitude of AFS 
was being requested. Without vote, the Board expressed in- 
terest of AFS in the project and in observing its development 
and the Society’s willingness to render technical cooperation, 
insofar as possible. 


(26) Resolution of F. E. F. 


The Secretary presented for Board consideration a resolution 
of F.E.F., requiring approval by the respective organizations 
of the Trustees and proposing the appointment of Trustees 
for overlapping 2 year periods, beginning in April 1954. On 
motion duly made, seconded and carried, the Board supported 
unanimously the F.E.F. resolution, following which President 
Carter appointed AFS Trustees to F.E.F. as follows: 

H. G. Robertson—to serve a term of one year, April 1954 

through March 1955. 
C. V. Nass—to serve a term of two years, April 1954 through 
March 1956. 
The Secretary was instructed to thank the former Trustee, 
W. L. Seelbach, for his service, and to notify F.E.F. of the 
above appointments. 


(27) Proposed International Exchange of Foundry Trainees 


President Carter spoke briefly of a proposal, made at the 
meeting of the International Committee of Foundry Technical 
Associations at the 1953 Paris Congress, for an international 
exchange of foundry trainees. Time being limited, the Presi- 
dent requested tabling of the matter to the next Board meeting. 
Tabled, on motion duly made, seconded and carried. 
Respectfully submitted, 
Wm. W. MALONEY 
Secretary-Treasurer 

Approved: 

Cotuins L. Carter, President 

February 9, 1954 





of 
cu 
m 


of 
fo 
m 


on 
fe] 
th 
ed 
an 
of 


Se 
ha 


by 
Di 


av: 
she 
aw 
for 
als 
vez 





MINUTES OF BOARD MEETINGS 


XXix 


Minutes 


Meeting of 1953-54 AFS Board of Awards 
Sherman Hotel, Chicago—December 10, 1953 


(1) ROLL CALL: 
Past-President Fred J. Walls (1945-46), presiding 
Past-President W. B. Wallis (1948-49) 
Past-President E. W. Horlebein (1949-50) 
Past-President Walton L. Woody (1950-51) 
Past-President Walter L. Seelbach (1951-52) 
Past-President I. R. Wagner (1952-53) 
Wm. W. Maloney, Board of Awards Secretary 

Absent: 

Past-President S. V. Wood (1946-47) 


(2) Simpson Medal 


At the outset the Board of Awards considered the matter 
of awarding of the Peter L. Simpson Medal and following dis- 
cussion, voted that the Medal should be included in the awards 
made for 1953-54. 

In view of differences of opinion concerning the frequency 
of awarding the Simpson Medal, the Board of Awards made the 
following recommendation to the Board of Directors on motion 
made, seconded and unanimously carried: 

“That all AFS Gold Medal award contracts should be re- 

examined and if possible resolved on the basis of uniformity 

in frequency of award.” 


(3) Obermayer Award 


It was pointed out that the original $1,000 in the Obermayer 
Fund plus $660.61 in earned interest on this Fund still remained 
on hand. It was also pointed out that the Board of Awards 
felt that the Educational Division should be made aware of 
the existence of this Fund and that it might well be used for 
educational purposes. Accordingly, on motion made, seconded 
and carried, the Board of Awards recommended to the Board 
of Directors 

“That the S. Obermayer Fund be made available to the Edu- 

cational Division for use in the encouragement of AFS 

educational activities at the secondary school level.” 
Secretary Maloney announced that an Educational Director 
had been employed and would join the Central Office Staff on 
April 1, 1954, and that the above recommendation, if approved 
by the Board of Directors, will be referred to the Educational 
Director for handling. 


(4) Available Funds 


The Board of Awards inspected the report of award funds 
available and reiterated its belief that the interest on all awards 
should be considered interchangeable for the various medal 
awards. It was agreed that a separation showing funds available 
for each medal could be discontinued in the future. It was 
also agreed that the Board of Awards Agenda should show each 
year the frequency with which each medal has been awarded 
to date. 


(5) Number of Medals and Life Members 


On motion duly made, seconded and carried, the Board of 
Awards voted to bestow three Gold Medals of the Society and 
three Honorary Life Memberships (including the retiring 
President) in 1954. 


(6) Selection of Gold Medalists 


The meeting being open for receipt of recommendations, the 
Secretary first presented a list of candidates for awards as sub- 
mitted by the AFS Divisions and individual members in 1953 
and previous years. Members of the Board of Awards then pre- 
sented additional recommendations. After full discussion, the 
following motions were made, seconded and unanimously car- 
ried, recommending to the Board of Directors the awarding 
of Gold Medals of the Society in 1954: 

(a) To Thomas E. Eagan (Chief Met., Cooper-Bessemer 
Corp., Grove City, Pa.) the Joseph S. Seaman Gold Medal 
of AFS “for outstanding work in the development and 
dissemination of engineering data on the production and 
utilization of alloy cast irons.” 


(b) To Roy A. Gezelius (Wks. Mgr., General Steel Cast- 
ings Corp., Eddystone, Pa.) the Peter L. Simpson Gold 
Medal of AFS “for outstanding contributions to the steel 
casting industry, particularly with reference to the de- 
velopment and production of cast armor plate.” 


(c) To Walter E. Sicha (Chief, Cleveland Research Divis- 
ion, Aluminum Co. of America, Cleveland, Ohio) the 
Wm. H. McFadden Gold Medal of AFS “for extensive 
and valuable work on light metals casting alloys and for 
outstanding contributions to the Society.” 
On motion duly made, seconded and carried, nominations for 
Gold Medal awards for 1954 were closed. 


(7) Selection of Honorary Life Memberships 


Following discussion, motions were duly made, seconded and 
unanimously carried recommending to the Board of Directors 
that Honorary Life Memberships be awarded in 1954 as follows: 


(a) To Leroy P. Robinson (Vice-President, Foundry Divis- 
ion of Archer-Daniels-Midland Co., Cleveland, Ohio), 
Honorary Life Membership in AFS “for outstanding and 
long-sustained service to the Society and its Chapters 
and for singular contributions to the improvement of 
foundry core room practice. 

(b) To Earl M. Strick (Finishing Supt., Erie Malleable 
Iron Co., Erie, Pa.), Honorary Life Membership in AFS 
“for outstanding work in the development and encour- 
agement of foundry interest at the high school and trade 
school level through the medium of local Chapters.” 

(Note: AFS Gold Medalists automatically are accorded the 
privilege of Honorary Life Membership, citations therefore 
being the same as the Medal citations.) 

(c) To Collins L. Carter (Pres., Albion Malleable Iron Co., 
Albion, Mich.), Honorary Life Membership in AFS on 
completion of his present term of office as President of 
the American Foundrymen’s Society. 

On motion duly made, seconded and carried, nominations on 
Honorary Life Memberships were closed. 


(8) Annual Lecturer 


It was pointed out that by action of the Board of Directors, 
on recommendation of the Board of Awards and Annual Lec- 
ture Committee, it is intended that the Chas. Edgar Hoyt An- 
nual Lecturer shall be accorded Honorary Life Membership in 
the Society. Since the 1954 Annual Lecturer, Harry W. Dietert, 
is already a Gold Medalist and Life Member of AFS, the Board 
of Awards, on motion duly made, seconded and carried, recom- 
mended to the Board of Directors that a suitable gift be ob- 
tained for presentation to the 1954 Annual Lecturer in lieu 
of Life Membership. It was agreed that the Annual Lecture 
Committee would make the determination of a suitable gift. 


(9) General Considerations 


The Board of Awards instructed the Secretary to rewrite 
the present Awards Manual for submission to the members 
of the Board of Awards for its suggestions and approval. 

It was agreed that the question of whether the earned in- 
terest on all award funds could be lumped for award pur- 
poses should first be checked with the AFS attorney in terms 
of existing award contracts. 

It was agreed that the call for nominations of candidates to 
be considered by the Board of Awards henceforth should go 
to the Board of Awards, the Board of Directors, the Chairmen 
and Vice-Chairmen of the AFS Divisions and General Interest 
Committees, plus publication in AMERICAN FOUNDRYMAN. 

It was agreed that the Secretary would obtain prompt action 
by the Board of Directors on actions of the Board of Awards 
by letter ballot. 

It was agreed that recipients of all awards would be notified 
over the signature of the Chairman of the Board of Awards 
and that such notification would be prepared and mailed from 
the Central Office by the Secretary. 
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It was agreed that a preliminary meeting by the Board of 
Awards was worthwhile and that such a meeting should be held 
in mid-September 1954 and probably preferably in Minneapolis, 
if Past President Wood should continue to find it impossible 
to attend a meeting in Chicago. The Secretary was instructed 
to develop the point at the proper time. 

The Board of Awards agreed that Medals and Life Member- 
ships should again be presented at the Annual Banquet of 
the Society during the 1954 Convention; that the histories of 
all recipients should be printed in the Banquet program; that 
each recipient should receive a leather bound copy of the pro- 
gram and that the Chairman of the Board of Awards should 
make all presentations briefly in order to minimize time. 

Members of the Board of Awards expressed their sincere 


TRANSACTIONS 


regrets that Past President S$. V. Wood had again found it 
impossible to attend the meeting and requested the Secretary 
to extend regrets to Mr. Wood. 

Lists of candidates for consideration by the Board of Awards 
as previously submitted were studied and the Secretary in- 
structed to prepare an up-to-date list for corisideration by the 
1954-55 Board of Awards. 

Respectfully submitted, 
Wm. W. MALONEY 
Secretary 
AFS Board of Awards 
Approved: 
FRED J. WALLS, Chairman 
January 19, 1954 





Minutes 


Meeting of the 1953-54 Nominating Committee 
Sherman Hotel, Chicago—December 11, 1953 


(1) ROLL CALL: 

Presiding, I. R. Wagner, Chairman, as the immediate 
Past-President of AFS. 

Walter L. Seelbach, Past-President of AFS. 

E. C. Austin, Jr. (Rep. Mo-Kan Chapter, Brass & Bronze 
and Light Metals) 

P. D. Coman (Rep. Tri-State Chapter and Patternmaking) 

R. E. Dickison (Rep. Central Illinois Chapter and Brass 
& Bronze) 

L. C. Gleason (Rep. Rochester Chapter and Gray Iron) 

G. J. Grott (Rep. Toledo Chapter and Steel) 

L. O. Hofstetter (Rep. Southern California Chapter and 
Supplies) 

L. W. Williamson (Rep. Twin City Chapter and Gray 
Iron) 


(2) Nomination of President 


On motion duly made, seconded and unanimously carried, 
the incumbent AFS Vice-President, Frank J. Dost, was nomi- 
nated as President of the Society for the year 1954-55. 


(3) Nomination of Vice-President 


Following submission of names of candidates and on motion 
duly made, seconded and unanimously carried, Bruce L. Simp- 
son, President of National Engineering Co., Chicago, was 
nominated as Vice-President of the Society for the year 1954-55. 


(4) Nomination of Directors 


The revised by-laws of the Society, effective December 1, 
1953, approved by letter ballot of the membership were read 
as relating to reorganization of the Board of Directors and the 
Nominating Committee procedure. It was pointed out that 
in order to reorganize the Board to a total of 24 members, 
the Nominating Committee would name 8 National Directors, 
including 6 for three-year terms, 1 for a two-year term, and 
1 for a one-year term. 

Following submission of all available candidates, including 
candidates submitted by Chapters, the Committee nominated 
the following directors to serve terms of office as shown below 
and representing the Chapter Groups indicated: 


(Three-year terms 1954-57) 


Chapter Group A—Metropolitan Chapter 
Harold L. Ullrich, Wks. Mgr., Sacks-Barlow Fdys. Inc., 
Newark, N.J.—representing Malleable Iron. (Also Gray 
Iron) 


Chapter Group B—Philadelphia Chapter 
William A. Morley, Fdy. Mgr., Link-Belt Co., Olney Fdy., 
Philadelphia, Pa—representing Gray Iron. 
Chapter Group C—Eastern New York Chapter 
Eugene R. Oeschger, Gen. Mgr., Fdy. Dept., General Electric 
Co., Schenectady, N.Y—representing Steel. (Also Gray 
Iron and Brass and Bronze) 
Chapter Group F—Northwestern Ohio Chapter 
Frank C. Cech, Instructor, Cleveland Trade School, Cleve- 
land, Ohio—representing Patternmaking. (Also Education) 
Chapter Group O—Tennessee Chapter 
W. M. Hamilton, Mgr., Crane Co., Chattanooga Div., Chat- 
tanooga, Tenn.—representing Gray Iron. 
Chapter Group Q—Southern California Chapter 
B. G. Emmett, Wks. Mgr., Los Angeles Steel Casting Co., Los 
Angeles, Calif.—representing Steel. 


(Two-year term 1954-1956) 
Chapter Group R—Oregon Chapter 
W. R. Pindell, Mgr., Northwest Fdy. & Wks., Inc., Portland, 
Ore.—representing Gray Iron. 


(One-year term 1954-55) 
Chapter Group N—Mo-Kan Chapter 
J. T. Westwood, Jr., Pres., Blue Valley Foundry Co., Kansas 
City, Mo.—representing Gray Iron. 
(5) On conclusion of actions by the Nominating Committee, 
all candidates were contacted personally by telephone and their 
acceptances received. 


(6) General 


It was unanimously agreed that all names of candidates as 
submitted by members of the Nominating Committee and by 
the Chapters, and not acted upon by the Nominating Com- 
mittee, would be referred to the Board of Directors for con- 
sideration. 

(7) It was pointed out by the Chairman that, under the by- 
laws, additional nominations may be received by written peti- 
tion, signed by at least 200 members in good standing, and 
that such petition may be received at any time 45 days prior 
to the Annual Business Meeting of the Society, to be held in 
Cleveland, May 12, 1954. The Chairman also pointed out that, 
under the newly revised by-laws, newly elected officers and 
directors will take office on the day following the close of the 
Annual Meeting of the Society. 

Respectfully submitted, 

1953-54 NOMINATING COMMITTEE 

AMERICAN FOUNDRYMAN’S SOCIETY 

I. R.WAGNER, Chairman 
December 28, 1953 
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Minutes 


Meeting of AFS Board of Directors 
Grand Hotel, Point Clear, Ala.—February 22-23, 1954 


(1) ROLL CALL: 
President Collins L. Carter, presiding 
Vice-President Frank J. Dost 
Directors: 
(Terms expire 1954) 
H. W. Dietert 
A. L. Hunt 
J. T. MacKenzie 
A. M. Ondreyco 
I. R. Wagner 
(Terms expire 1955) 
M. A. Fladoes 
W. J. Klayer 
J. O. Klein 
A. D. Matheson 
H. G. Robertson 
(Terms expire 1956) 
E. C. Hoenicke 
Thomas Kaveny, Jr. 


C. V. Nass 
Secretary-Treasurer Wm. W. Maloney 
Absent: 
Directors: M. J. O’Brien, Jr. 
M. J. Lefler 


G. Ewing Tait 
Vice-President-elect B. L. Simpson (on invita- 
tion) 


(2) Quorum 


A quorum having been established, the President called the 
meeting to order and announced that Director Lefler was un- 
able to attend because of illness; Mr. Simpson because of illness 
in the family; Directors Tait and O’Brien were forced to 
cancel at a late hour for business reasons. 


(3) Reading of Minutes 


Minutes of the November 1953 meeting of the Board having 
been approved by letter ballot of a majority of Directors, read- 
ing was dispensed with. 


(4) Report of Secretary 


The Secretary’s report included highlights on Membership, 
Chapters, Convention and Exhibit, AMERICAN FOUNDRY- 
MAN, Education Program, Safety and Hygiene and Air Pollu- 
tion Program, 1954 nominations of Officers and Directors, 1954 
Awards, and progress of the AFS Headquarters Building. 

Report accepted on motion duly made, seconded and carried, 
and made a part of these minutes. 


(5). Report of the Treasurer 


The Treasurer’s report included highlights on Society finan- 
ces as of January 31, 1954. Investment report as of January 
31 was presented, showing the following percentages in various 
types of securities: 14.9 per cent in U. S. Government Bonds; 
8.9 per cent in Canadian Government Bonds; 53.7 per cent in 
Industrial Bonds; 22.5 per cent in Industrial Stocks. It was 
noted that Canadian Bonds showed an increase in value of 
0.007 per cent over cost price; Industrial Bonds 0.002 per cent 
increase; Stocks 13.188 per cent increase. 

The Board expressed confidence in the development of the 
Investment Agent account. The Harris Trust policy statement 
of July 1953 was read, outlining the policy of administering 
the Investment Agent account as a long-term investment policy. 

At the conclusion of financial report, discussion indicated a 
desire for further study of AMERICAN FOUNDRYMAN, its 
policies, potentialities and future. The President then sug- 
gested that the Editorial Advisory Committee meet on March 
22 to consider overall recommendations concerning the maga- 
zine for the next meeting of the Board. Approved on motion 
made, seconded and carried. 

Report of Treasurer accepted on motion duly made, seconded 
and carried, and made a part of these minutes. 


(6) Report of Technical Activities 


Report of technical activities presented by the Secretary gave 
highlights on Convention technical program, general and special 
publications, Research projects and other technical matters. 

Request for an appropriation of $10,000 for an animated 
cartoon moving picture on Heat Transfer was withdrawn due 
to present inability of committee chairman W. S. Pellini to 
devote sufficient time to the undertaking for the time being. 

Report of the Acting Technical Director was accepted with 
commendation, on motion made, seconded and carried, and 
is made a part of these minutes. In recognition of the work 
of H. J. Heine during the past eight months as Acting Techni- 
cal Director, motion was made, seconded and carried appoint- 
ing Mr. Heine full Technical Director as of February 15. 

The growing importance and scope of Society technical ac- 
tivities was stressed by several Directors and the need to pro- 
vide sufficient Staff to advance the work. Accordingly, on 
motion made, seconded and carried, the Secretary was author- 
ized to employ an additional technical assistant to the Techni- 
cal Director. 


(7) 1954 Convention and Exhibit 


The Secretary reported briefly on the Convention and Exhibit 
planned for Cleveland, May 8-14, including progress in develop- 
ment of an excellent technical program, the largest exhibit 
ever staged by the Society, activities of local “Host Chapter’” 
committees, and events of general interest. He stated that 
housing of an expected large attendance was already proving 
to be a problem, as always is the case when an exhibit con- 
vention is held in Cleveland due to limited hotel accommoda- 
tions. 


(8) Safety, Hygiene and Air Pollution Program 


The Secretary reported briefly on progress in safety, hygiene 
and air pollution control activities, again emphasizing the 
work of the committees in developing publications, seeking 
out new information, assisting foundries and Chapters, and 
Staging safety conferences in local communities for plant sup- 
ervisors. He reported growing foundry concern over the pro- 
blem of noise control. 

No report on Board Liaison to SKH&AP Steering Committee 
was available. The President reported willingness of the Na- 
tional Castings Council to appoint representatives to the pro- 
gram’s Steering Committee. It was the expressed consensus that, 
once such representatives are appointed, it would no longer 
be necessary for the AFS Board to review all proposed SkKH&AP 
publications. Motion was made, seconded and carried, with- 
drawing the Board resolution of November 1953 requiring 
such review. 


(9) AFS Headquarters Building 


The Secretary reported that solicitation of building funds was 
discontinued on January 1, and that the total of funds re- 
ceived to February 12 was $228,518, including $217,678 in cash 
and $3,590 in definite pledges. The President expressed thanks 
of the Society to all Board members and other AFS friends 
who participated in the fund-raising program. 

In response to a suggestion that AFS Chapters be asked to 
contribute once more to the Building Fund, it was the con- 
sensus that special solicitation should not be undertaken. 

The President pointed out that total cost of the Headquarters 
Building was still estimated at $275,000, leaving a balance of 
approximately $50,000 between total cost and amount raised 
by contributions. The President stated that the Finance Com- 
mittee recommended that the balance be paid from 1954 Ex- 
hibit revenues accumulating, up to the total of $275,000 
approved by the Board. 

The Finance Committee also recommended the addition of 
$50,000 to the Investment Agent account of AFS, utilizing funds 
hitherto invested in short term Treasury notes, matured Feb- 
ruary 28, 1954. On motion made, seconded and carried, both 
recommendations of the Finance Committee were accepted. 
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(10) Chapter Contacts Committee 


Vice-President Dost reported as Chairman of the Chapter 
Contacts Committee, thanking those Directors who completed 
their Chapter visits and urging other to complete their assigned 
contacts as early as possible. He asked that particular emphasis 
be placed on membership maintenance. 


(11) Liaison To Education Division 


No report was available on Board Liaison to the Educational 
Division. 

The Secretary announced employment of a full-time Educa- 
tion Director, A. B. Sinnett, on April 1, as previously authorized 
by the Board. He stated that Mr. Sinnett’s activities would 
follow the AFS education policy and be largely confined to 
high schools, trade schools, and in-plant training. 

The President reported on a proposed “Foundry Youth Pro- 
gram” suggested by B. C. Yearley as Chairman of a Manage- 
ment Information Committee of the Educational Division. The 
program proposed involves development of educational pro- 
grams at the Chapter level, to interest high school and trade 
school students in foundry jobs, and preparation of manuals 
of instructions for use following indoctrination. The President 
pointed out that the program was conducted to recruit young 
men, and to convince their parents and educational authorities 
of the opportunities in an industry where further training is 
available. 

The President reported that the program, presented in outline 
at a meeting of the National Castings Council, had been tenta- 
tively endorsed by that body. He stated that the foundry trade 
associations would be asked to participate in preparation of 
the manuals by appointment of official representatives. 

Directors described various vocational training programs in 
effect in their localities, including the Highland Park school 
in Detroit, Granite City High School in Granite City, Ill., and 
the Industrial Information Institute at Youngstown, Ohio. 


(12) Report of Board Nominating Committee 


It was pointed out that the Society’s new by-laws permit the 
Board to appoint one National Director each year; and that, 
to bring about rapid recognition of the Board, three Directors 
were to be appointed in 1954: one for 3 years, one for 2 years, 
and one for a l-year term of office. 

The President then called for a report by the Board Nomi- 
nating Committee (Director Dietert, Chairman; Directors Hunt 
and MacKenzie), which Committee placed the following names 
in nomination: 

For Directors to serve 3-year term: 

L. H. Durdin, President, Dixie Bronze Co., Birmingham, Ala. 
For Director to serve 2-year term: 

Charles E. Brust, President, Eastern Malleable Iron Co., 

Naugatuck, Conn. 
For Director to serve 1-year term: 

C. B. Schneible, President, Claude B. Schneible Co., Detroit. 

No further nominations being submitted, motion was duly 
made and seconded that the nominations be closed and a 
unanimous ballot of the Board be cast for appointment of the 
nominees presented. Carried. 


TRANSACTIONS 


The Secretary was instructed to notify the Director-appointees 
of the action of the Board of Directors. 


(13) Student Delegate Plan 


The Secretary requested decision on approval of the Student 
Delegate Plan for 1954, on the same basis as in 1952, under 
which AFS agree to underwrite the expenses of sending two 
boys from each AFS Student Chapter school to the 1954 Con- 
vention and Exhibit. He stated that F. E. F. had decided not 
to participate on an official basis, but that local foundrymen 
had expressed intention of sending boys from Illinois Tech 
and Cornell. 

Discussion developed the consensus that the Plan should be 
largely financed on a local Chapter basis. Motion was made, 
seconded and carried, authorizing the Secretary to pursue the 
Plan in 1954 on the following basis: AFS to underwrite, if 
necessary, expenses exceeding $250 per Student Chapter for 
two students per school attending the Cleveland Convention. 


(14) International Exchange of Personnel 


The President offered for decision a plan for “International 
Exchange of Foundry Personnel” as proposed at the 1953 meet- 
ing of the International Committee of Foundry Technical As- 
sociations, in Paris. He pointed out that, while European 
countries had expressed approval of the plan, expense would 
be a major factor in U. S. participation. 

It was the consensus that the plan be publicized in AMERICAN 
FOUNDRYMAN to determine individual plant interest, and that 
the reactions of the foundry trade associations also be sought 
on participation, AFS to be guided accordingly in its own 
activities in respect to the plan. 


(15) Board Reorganization 


The President pointed out that it would be a duty of 
the 1954-55 Board, under the new by-laws of the Society, to 
organize on a regional basis, with a Regional Vice-President 
in each of five regions. He asked that present and incoming 
members of the Board get together at the 1954 Convention, 
region by region, to recommend their own Regional Vice- 
Presidents for Board appointment at the Annual Board Meet- 
ing on August 9-10. 


(16) Future Financial Policies 


The President expressed the opinion that means should be 
found to finance AFS activities without recurrent solicitations 
of special contributions from the industry. Other Directors 
concurred. As a result, the President asked that the Executive 
Committee meet on March 23 in special session to discuss 
possible ways and means for better financingseé present and 
future Society activities. 
Respectfully submitted, 
Wm. W. MALONEY 
Secretary-Treasurer 

Approved: 

Coins L. Carter, President 

April 9, 1954 
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Minutes 


Meeting of AFS Editorial Advisory Committee 
Union League Club, Chicago—March 22, 1954 


(1) Present: 
President Collins L. Carter, presiding 
(in absence of Chairman) 
Committee Members: Director E. C. Hoenicke 
Director M. J. Lefler 
Director C. V. Nass 
Director H. G. Robertson 
Vice-President F. J. Dost 
Vice-President-elect B. L. Simpson 
Secretary-Treasurer Wm. W. Maloney 
Absent: 
Director A. L. Hunt, Chairman (due to illness) 
Director W. J. Klayer 


(2) Quorum 


A quorum having been established, the President called the 
meeting to order and announced that he was acting as Chair- 
man due to the absence of Chairman Hunt because of illness. 


(3) Purpose of Meeting 


The President declared that the meeting had been called 
to permit the broad discussion of AMERICAN FOUNDRYMAN and 
to prepare possible recommendation for its further advancement. 


(4) Development of American Foundryman Advertising 


The Secretary was asked to trace the development of the 
magazine, bringing out facts which were discussed at length 
by the Committee. The Committee then made the following 


recommendations to the Board of Directors, on motion made, 
seconded and unanimously carried: 
(1) THAT AMERICAN FOUNDRYMAN be published as a technical 
publication of the Foundry Industry; 
(2) THatT the purpose of the magazine be affirmed as to assist 
in advancing the fundamental objects of the Society; 
(3) THaT the magazine be operated as a separate division 
of the Society, with its management responsible to the General 
Manager of the Society; 
(4) THat the magazine be operated in such a manner as to 
produce a substantial net return to the Society; 
(5) TuHat the Society reimburse the magazine with a por- 
tion of each member's dues and all expense of publishing 
Chapter news. 


The Committee realized that its recommendations probably 
could not be acted on until the annual meeting of the Board, 
August 9-10, but urged prompt action toward adoption of 
measures calculated to place the magazine on a sounder, more 
permanent and more income-producing footing. It was the 
consensus that the above recommendations, if approved by the 
Board, be made effective with the fiscal year beginning July 
1, 1954. However, it was the consensus that the fiscal year for 
the magazine be the calendar year, so as to coincide with the 
generally accepted “advertising years.” 
Respectfully submitted, 
Wo. W. MALONEY 
Secretary-Treasurer 

Approved: 

Cotuins L. CARTER, Chairman pro tem 

April 2, 1954 





Minutes 


Special Meeting of AFS Executive Committee 
Union League Club, Chicago—March 23, 1954 


(1) Present: 
President Collins L. Carter, presiding 
Vice-President F. J. Dost 
Directors: H. W. Dietert 
M. A. Fladoes (term expires 1955) 
I. R. Wagner (term expires 1954) 
Vice-President-elect B. L. Simpson 
Secretary-Treasurer Wm. W. Maloney 
Absent: 
Director A. L. Hunt (term expires 1954) 


(2) Quorum 


A quorum having been established, the President called the 
meeting to order and announced that Director Hunt was unable 
to attend because of a recent operation. 


(3) Purpose of Meeting 


The President stated that the special meeting had been called 
to discuss possible ways and means of financing so as to pro- 
vide funds for essential services without recurrent drives for 
special contributions. He called attention to the following 
activities which will require substantial financing beyond the 
presently budgeted income of the Society. 

Safety, Hygiene and Air Pollution. Currently financed by 
special contributions, sufficient only for the next two years at 
current rate of activity. 

Education Program. Activity to be stepped up under a newly- 
employed Education Director. 

Research. Present minima subject to increase, even for current 
rate of activity, due to inflationary trend since 1946 when 
present minima were established. 

Library. A long-needed reference Library—up-to-date, cata- 
logued and properly staffed—will require additional financing. 


The President pointed out that these four activities, if 
financed from operating funds and without contributions, would 
require annual funds of approximately $50,000. He also recalled 
that AFS has engaged in three separate campaigns for contri- 
butions in the past 314 years (twice for the Building Fund, 
once for the SKH&AP Fund), simultaneous with fund drives 
for FEF and many non-foundry organizations all prior 
to expiration of Dec. 31, 1953, of excess profits tax provisions 
favorable to generous company contributions. 


(4) Discussion 


It was the consensus that the Society should make every 
effort to finance its activities from annual operating funds and 
avoid, for the time being, all special drives for contributed 
funds. It was realized, however, that certain projects might 
arise in future years, which, by their nature, might require 
outside financing by special segments of the industry rather 
than by the industry as a whole. 


It was the consensus that the value of the SkH&AP and 
Education programs, being primarily of interest to foundry 
management, was such as to suggest their being financed largely 
by funds derived from company members of AFS, rather than 
from individual members. 


(5) Recommendations 


In consequence, and following full discussions, motion was 
made, seconded an unanimously carried, recommending to the 
Board of Directors 


Tuart the Safety, Hygiene and Air Pollution Program, Edu- 
cation Program, expanded Research and Reference Library 
be financed through increased dues of Company and Sus- 
taining Members of the Society, and that the intended in- 
creases be made effective July 1, 1954. 
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It was agreed that the above recommendation should include 
the following specific provisions: 

(a) Company Member dues. Increase to $100.00 per year 
instead of present $65.00; privilege of Personal memberships 
at minimum dues ($10.00) limited to plant or office and within 
the Chapter where Company membership is held; one copy of 
annual TRANSACTIONS gratis on request. 

(b) Sustaining Member dues. Increase to a flat $300.00 per 
year instead of present $150.00 minimum; privilege of Personal 
memberships at minimum dues ($10.00) extended to any plant 
or office of the Sustaining member; one copy of annual TRAnN- 
SACTIONS gratis on request; one copy of all Research reports 
gratis in advance of other distribution; one copy AMERICAN 
FOUNDRYMAN monthly to each plant of Sustaining Member. 

It was recommended that no Personal membership dues be 
increased. Some consideration was given a suggestion that the 
dues of educators be waived entirely. 

It was also recommended that no change be made in the 
present dollar basis of refunds to Chapters, namely: $30.00 
per Sustaining and $13.00 for Company membership; and that 
the present refund of $100 on two existing $500 Sustaining 
memberships be allowed to stand so long as the memberships 
stand as now. 


(6) Board Approval 


The next meeting of the Board of Directors being scheduled 


‘TRANSACTIONS 


for August 9-10, the Committee believed that a special meet- 
ing of the Board should be held so that the dues increases 
recommended may be put into effect on July 1, 1954. Accord- 
ingly, the Secretary was instructed to announce a_ business 
session of the Board immediately following the Board Luncheon 
in Cleveland on Thursday, May 13, minutes of this meeting 
to be forwarded to all Directors prior to that date, for study. 


(7) Advertising Manager 


The Secretary announced the resignation of Terese B. Koeller, 
Advertising Manager of AMERICAN FOUNDRYMAN, on April 16, 
1954. He stated that steps were being taken for a prompt re- 
placement with the recommendations of the Editorial Advisory 
Committee in mind. Final selection to be responsibility of the 
Secretary, with approval of the President on compensation, in 
accordance with the following motion as made, seconded and 
carried: 

THAT a working Advertising Manager be employed and 

compensated on the basis of salary plus incentive commission 

with due allowance for travel expenses. 
Respectfully submitted, 
Wo. W. MALONEY 
Secretary-Treasurer 
Approved: 
Coins L. CARTER, President 
April 2, 1954 





Minutes 


Special Meeting AFS Board of Directors 
Union Club, Chicago—May 13, 1954 


(1) ROLL CALL: 
President Collins L. Carter, presiding 
Vice-President Frank J. Dost 
Directors: 
(Terms expire 1954) 
H. W. Dietert 
A. L. Hunt 
I. R. Wagner 
Directors: 
(Terms expire 1955) 
M. A. Fladoes 
W. J. Klayer 
J. O. Klein 
A. D. Matheson 
H. G. Robertson 
Directors: 
(Terms expire 1956) 
E. C. Hoenicke 
Thos. Kaveny, Jr. 
M. J. Lefier 
C. V. Nass 
G. Ewing Tait 
Directors-elect: 
C. B. Schneible 
J. T. Westwood, Jr. 
C. E. Brust 
W. R. Pindell 
F. C. Cech 
B. G. Emmett 
L. H. Durdin 
W. M. Hamilton 
W. A. Morley 
E. R. Oeschger 
H. L. Ullrich 
Vice-President-elect Bruce L. Simpson 
General Manager Wm. W. Maloney 
Absent: 
Director J. T. MacKenzie 
Director A. M. Ondreyco 
Director M. J. O’Brien, Jr. 

(2) President Carter announced that the Special Meeting of 
the Board had been called to consider, primarily, a reorganiza- 
tion of AMERICAN FOUNDRYMAN, and a recommendation con- 
cerning member dues. He stated that two or three other matters 


had since been raised for discussion. 

(3) Minutes of the meeting of the Board of Directors held 
in February 1954, having been approved by letter ballot of 
the Board, were dispensed with on motion duly made, seconded 
and carried. 

(4) President Carter stated that it was the consensus of the 
Board of Directors that Secretary-Treasurer Wm. W. Maloney 
should also be designated as General Manager in keeping with 
the responsibilities of the pcsition. Accordingly, on motion 
made, seconded and carried, the Secretary-Treasurer was given 
the additional title of General Manager. 

(5) Minutes of the meeting of the Editorial Advisory Com- 
mittee held March 22, 1954, were read, recommending that 
AMERICAN FOUNDRYMAN be published as a technical publication 
of the industry within the fundamental objects of the Society, 
that it be operated as a separate division of the Society with 
its management responsible to the General Manager, that it 
be operated so as to produce a substantially greater net return 
to the Society, and that the magazine be reimbursed by the 
Society for the expense of editorial material carried purely 
for membership purposes. 

Minutes of the meeting of the Executive Committee held 
March 23 were read, containing the following recommenda- 
tion to the Board: 


Twat a working Advertising Manager be employed and comp- 
ensated on the basis of salary plus incentive commission with 
due allowance for travel expenses. 

It being the consensus of the Board that steps should be taken 
to increase substantially the net income from publication of 
AMERICAN FOUNDRYMAN, On motion duly made, seconded and 
carried, recommendations of the Executive Committee and Edi- 
torial Advisory Committee were accepted and recommended for 
adoption by the incoming Board of Directors. The General 
Manager announced that H. F. Scobie, a member of the 
Central Office Staff since October 1945 and directly connected 
with the magazine since 1948, would be named Editor in 
charge of editorial, advertising and production. 

It was agreed that a ballot of the new Board, incumbent 
as of May 15, 1954, would be obtained by the General Manager 
for approval. 

(6) Minutes of the Executive Committee meeting held March 
23, 1954, were read, including the following recommendation 
to the Board: 
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ruat the Safety, Hygiene and Air Pollution program, the 

Educational program, expanded Research and Reference 

library of AFS be financed through increased dues of Company 

and Sustaining members, and that the intended increases 

be made effective July 1, 1954. 

President Carter presented results of an extensive survey of 
all Company and Sustaining members as the basis for the 
Executive Committee’s recommendations that Company mem- 
ber dues be increased from $65 to $100 per year, and that 
Sustaining member dues be increased from $150 minimum to 
$300 minimum per year. The Executive Committee recommen- 
dations also included recommendations concerning membership 
privileges and Chapter refunds. 

Following discussion, on motion duly made, seconded and 
carried, the following recommendation was made to the in- 
coming Board of Directors: 

THAT Company memberships be increased to $100 per year 
and Sustaining memberships to $300 minimum per year, 
with membership privileges as recommended by the Execu- 
tive Committee; that Chapter refunds be 20 per cent on Per- 
sonal memberships as now, and 15 per cent on Company 
and Sustaining memberships. 

It was understood that the General Manager would obtain 
a ballot of the new Board incumbent May 15, 1954, on the 
above recommendations. 

(7) President Carter announced, together with President-elect 
Dost, the need to set up the Regional organization of AFS as 
provided in the new by-laws. Accordingly, President Carter 
appointed the following temporary Chairmen to recommend 
Regional Vice-Presidents for election by the Board of Directors: 

Region No. 1—Director Kaveny 
Region No. 2—Director Hoenicke 
Region No. 3—Director Nass 
Region No. 4—Director Klein 
Region No. 5—Director Pindell 

It was understood that recommendations for Regional Vice- 
Presidents would be obtained not later than June 15 and that 
the General Manager then would obtain letter ballot approval 
of the Board of Directors. 

(8) President Carter called attention to the announcement 
made at the Annual Banquet, May 13, that Thos. W. and 
John C. Pangborn of the Pangborn Corp. had expressed a 
desire to make a grant of $50,000 to AFS for scholarship pur- 
poses, to be administered by the AFS Chapter organization. 
Accordingly, the following resolution was presented and unani- 
mously approved on motion duly made and seconded: 


XXXV 


Wuereas the Pangborn Corporation has made a grant of 
$50,000 to the American Foundrymen’s Society to be used 
for scholarship purposes, and 

Wuereas the American Foundrymen’s Society recognizes this 
grant as evidence of the long-continued cooperation with 
and support of the Society by Thomas and John Pangborn 
and the Pangborn Corporation, and 

Wuereas the American Foundrymen’s Society appreciates 
that this grant is made in recognition of the continuing 
need for increased foundry educational activities and facili- 
ties, and 

WueEREAS this grant to the Society is to be administered in 
accordance with provisions of a Deed of Grant to be 
approved by the Board of Directors of the Society and by 
the Pangborn Corporation; now therefore be it 

RESOLVED that this Board of Directors of the American 
Foundrymen’s Society gratefully accepts the grant of $50,000 
tendered by the Pangborn Corporation and pledges ad- 
ministration and use thereof in the best interests of the 
metal castings industry consistent with the fundamental 
objects of the American Foundrymen’s Society. 

The General Manager was instructed to present to Mr. Pang- 
born the resolution of the Board and to express to him the 
Society's gratitude for his generosity and splendid support of 
AFS objects. 

Some discussion followed on administration of a Deed of 
Grant, the details thereof yet to be prepared, and relationship 
between administration of the grant and the activities of FEF. 
It was the consensus that the Deed of Grant should be pre- 
pared in accordance with the wishes of Mr. Pangborn and con- 
sistent with the fundamental objects of AFS, and that a 
personal contact should be made promptly with him for that 
purpose. 

President Carter also announced that Mr. Pangborn had 
expressed willingness to grant an additional $5,000 for en- 
dowment of a sixth AFS Gold Medal, the Deed of Grant to 
be prepared for approval by Mr. Pangborn and the AFS Board. 

Respectfully submitted, 
Wo. W. MALONEY 
Secretary-Treasurer and 
General Manager 
Approved: 
Cotuins L. Carter, President 
May. 15, 1954 
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Eleventh Annual Chapter Officers Conference 
Hotel La Salle, Chicago - June 17, 18, 1954 


PROGRAM 
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June 17 
i ee Ge ee Chairman Dost 
i SE eA ope et Chairman Dost 
755 Ane EmAPOMIONS. ... oc ee eee By the Conference 
9:47 am_ Sketching in the Background....AFS President Dost 
9:57 am AFS As a Technical Society........ Tech. Dir. Heine 


10:27 am Organizing for Chapter Programs... .Sec’y. Maloney 
10:47 aM Developing a Chapter Program. ...Conference Clinic 
12:15 pm Luncheon 


1:30 pm AFS Headquarters Building.......... Chairman Dost 
1:45 pm The Chapter Chairman’s Job......... Sec’y. Maloney 
2:05 pm Chapter Educational Programs....Edn. Dir. Sinnett 
3:50 pm Report on AMERICAN FOUNDRYMAN...... Editor Scobie 
4:10 pm The AFS Nominating Committee... ...Sec’y. Maloney 
4:20 pm Organization of AFS Board.......... Chairman Dost 


4:40 pm Official Chapter Contacts..... Vice-President Simpson 
5:15 pm Social Hour 


6:30 pm Annual Conference Dinner 
Presiding: Chairman Frank J. Dost 
Guest Speaker: Melvin C. Lockard, President, First 
National Bank, Cobden, III. 
Subject: “Bosoms, Bookies and Booze.” 


June 18 
COO .ct6 Ce Oe TRG 5s ois casei ccsiscae Chairman Dost 
9:03 am The SkH&AP Program........... Program Dir. Davis 
9:33 AM Keeping up the Membership....... Conference Panel 
11:03 aM Convention & Exhibits........ Exhibit Mgr. Hilbron 
11:30 AM Publicity for AFS & Chapters............. T. Koeller 
12340 ane “The Stimeuut... . 2.2.20. . cccccccce Chairman Dost 
ve Pe eee ee reer rrr errs ee By Conference 


:55 pM Final Adjournment 
1:15 pm Getaway Luncheon 


ATTENDANCE 


Directors and Guests 


In addition to chapter officers and AFS staff members, the fol- 
lowing national directors also attended the conference: Frank 
C. Cech, Cleveland Trade School, Cleveland; Lewis H. Durdin, 
Dixie Bronze Co., Birmingham, Ala.; Edwin C. Hoenicke, Eaton 
Mfg. Co., Detroit; Walter J. Klayer, Aluminum Industries, Inc., 
Cincinnati; Eugene R. Oeschger, General Electric Co., Schenect- 
ady, N. Y.; and Claude B. Schneible, Claude B. Schneible Co., 
Detroit. 


Chapter Representation 


The list of chapter officers attending the conference follows: 

BIRMINGHAM—Chairman E. E. Pollard, Caldwell Foundry & 
Machine Co., Birmingham, Ala. Vice-President & Program 
Chairman A. J. Fruchtl, U. S. Pipe & Foundry Co., Birming- 
ham, Ala. Secretary-Treasurer J. F. Drenning, Kerchner, Mar- 
shall & Co., Birmingham, Ala. 

British CoLumMBIA—Chairman H. H. Havies, Vivian Engine 
Works, Vancouver, B. C. Vice-Chairman & Program Chairman 
P. H. Hookings, Major Aluminum Prods., Ltd., Vancouver, 
B. C. 

CANTON Districtr—Chairman A. S. Morgan, Babcock & Wilcox 
Co., Barberton, Ohio. Vice-Chairman & Program Chairman 
H. A. Biddinger, F. E. Myers & Bro. Co., Ashland, Ohio. 

CENTRAL ILLinois—Vice-Chairman & Program Chairman R. F. 
Heiden, Galva Foundry Co., Galva, Ill. Secretary-Treasurer J. 
Kauzlarich, Peoria Malleable Castings Co., Peoria, Ill. 

CENTRAL INDIANA—Chairman F. E. Kurtz, Electric Steel Castings 
Co., Indianapolis. Vice-Chairman J. A. Barrett, National Mal- 
leable & Steel Castings Co., Indianapolis. 

CENTRAL MicHiGAN—Chairman L. Currie, Gale Mfg. Co., Albion, 
Mich. Vice-Chairman & Program Chairman G. R. Lloyd, 
Albion Malleable Iron Co., Albion, Mich. 

CENTRAL New York—Chairman J. Gibson, Sweets Foundry, Inc., 
Johnson City, N. Y. Vice-Chairman & Program Chairman J. 
O. Ochsner, Crouse-Hinds Co., Syracuse, N. Y. 

CENTRAL On1o—Chairman R. M. Meyers, Ohio Steel Foundry 
Co., Springfield, Ohio. Vice-Chairman & Program Chairman 
N. H. Keyser, Battelle Memorial Institute, Columbus, Ohio. 

CHESAPEAKE—Chairman M. J. Kelly, Kelco Corp., Baltimore, Md. 
Vice-Chairman & Program Chairman J. O. Danko, Danko 
Pattern & Mfg. Co., Baltimore, Md. 

Cuicaco—President R. L. Doelman, Miller & Co., Chicago. Vice- 
President & Program Chairman J. T. Moore, Wells Mfg. Co., 
Skokie, Ill. 


Cincinnati District—Chairman H. F. Greek, Hill & Griffith Co., 
Cincinnati. Vice-Chairman & Program Chairman J. D. Sheley, 
Black Clawson Co., Hamilton, Ohio. Membership Chairman 
E. J. James, Dayton Oil Co., Dayton, Ohio. 

Corn Bett—Chairman J. M. Buckholz, Dempster Mills Mfg. Co., 
Beatrice, Neb. Vice-Chairman & Program Chairman V. Holmes, 
Paxton-Mitchell Co., Omaha, Neb. 

Detroir—Chairman C. B. Schneible, Claude B. Schneible Co., 
Detroit. Vice-Chairman & Program Chairman C. Hockman, 
Cadillac Motor Div., General Motors Corp., Detroit. 

EASTERN CANADA—Chairman C. Bourassa, Archer-Daniels-Mid- 
land Co. of Canada, Ltd., Westmount, Que., Canada. Vice- 
Chairman & Program Chairman W. C. H. Dunn, Western 
Pattern Works, Montreal, Que., Canada. 

EASTERN NEW York—Chairman W. C. Stevenson, Rensselaer 
Valve Co., Troy, N. Y. Vice-Chairman & Program Chairman 
R. W. MacArthur, Ramsey Chain Co., Albany, N. Y. 

METROPOLITAN—Chairman C. Schwalje, Worthington Corp., Har- 
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CHARLES EDGAR HOYT ANNUAL LECTURE 


PROCESSING MOLDING SAND 


By 


Harry W. Dietert* 


ABSTRACT 


The author discusses in detail how materials are processed 
to obtain molding sands that possess desirable molding prop- 
erties to produce castings of high quality. The subject of 
proper selection of various types of sand grains as to compo- 


sition, such as silica, zircon, olivine, coke, mullite and chamotte, - 


receives a practical discussion. 

The practice and theory behind the blending of sands is 
covered in detail. Grain fineness, base permeability, opening 
and closing-up sands, grain shape and grain distribution infor- 
mation is given. Data are presented on the various additives 
that are available for use with molding sands in all types of 
foundries. A review is given showing how additives affect hot 
properties of a sand. The proper use of additives for “scab”, 
“buckle” and “rat tail” elimination is detailed. Bonding 
materials information is included as a guide to their proper 
choice and use. Emphasis is placed on the desirability of cooling 
molding sands, and the methods available for fast cooling are 
explained. Various methods of mixing sands are reviewed. 
The effect that green strength has on the hot properties of 
a molding sand is discussed. 

The importance of accurately tempered sand is stressed. The 
various methods of tempering sand by weight-moisture, de- 
formation-moisture, conductivity-moisture, capacitance-moisture, 
and temperature-moisture relations are shown in detail as a 
guide to what is known on the subject matter and how it may 
be applied in the foundry to obtain better tempered sands. The 
great effect that moisture has on the hot properties is illustrated 
by means of graphs. Methods of aerating sand are described, 
together with a discussion on the benefits derived from aeration. 

The ramming of molding sand in the foundry receives ex- 
tensive consideration under headings such as flowability, 
rammability, lifting for butt, squeeze and impact ramming. 

Information is included showing that molding sands retain 
their desirable mechanical properties when rammed under high 
pressure. The behavior of the mold wall at elevated temperatures 
is described with the aid of graphs. The heat absorption of 
various sands is shown. Information on controlling the retained 
strength of molding sands to obtain easy shakeout is given. 
The subject of reclaiming sands is covered by showing sche- 
matic diagrams of various processes. The paper is extensively 
illustrated by schematic diagrams to show equipment used to 
process sands and by graphs to show how processing affects 
the quality of sands. 


|. Introduction 


Foundrymen’s interest in sand stems from their 
desire to improve the quality of castings and their 
search to make castings at lowest possible cost. 

This paper deals with subjects of foundry sand 


*Chairman of the Board of Directors, Harry W. Dietert Co., 
Detroit. 
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processing that lead to foundry applications for im- 
proving casting quality and casting cost. To accomp- 
lish this end the pattern of approach will be one 
dealing mainly with the compounding, processing 
and working of sands in the foundry. The subjects 
discussed are base materials, blending, additives, cool- 
ing, mixing, tempering, aerating, ramming, and shake- 
out. The effect that each has on the ultimate product 
will be discussed. 


2. Base Materials 


The material commonly used for molding is silica 
sand. Many may automatically think only of silica- 
base sands when a molding sand is mentioned. This 
would be a limiting thought for a foundryman to 
have. He would fail to consider in his work the 
possibilities of molding sands other than silica base. 

Molding sands may consist of silica, zircon, 
olivine, chamotte, coke, dolomite, mullite, sillimanite 
grains bonded with clay, bentonite, portland cement, 
plaster of paris, petroleum residues and bitumens. 
The first four materials, namely, silica, zircon, olivine 
and chamotte are found in general use in foundries. 

Silica (SiO,) is the base of the molding sand in 
which most castings are made. The silica is in the 
alpha quartz stage and transforms into the beta quartz 
on heating and reverts to the alpha quartz stage on 
cooling. Some of the silica grains may be transformed 
into the cristobalite stage but revert to the beta then 
into the alpha stage. This causes the silica sand 
grains to expand on heating and to contract on 
cooling. 

Due to this expansion of the silica sand grains, 
one must continually process and ram the silica sand 
so that it possesses a degree of hot deformation 
which will accommodate this volume change of silica 
sand to avoid a mold or core wall failure. Mold or 
core wall failure of any magnitude will result in 
defects such as scabs, veins, rat tails and may also 
induce metal penetration. The large expansion of 
silica-base sand is definitely the greatest disadvantage 
of this particular molding material. 

Another shortcoming of the silica-base sand is the 
ease with which it is wetted by molten metals such 
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as iron and steel. It fluxes with molten iron or steel 
at a temperature in the range of 2240 F to form a 
eutectic glass iron silicate. Under an oxidizing atmos- 
phere this fluxing action is enhanced, while under 
a reducing atmosphere the reaction is materially re- 
tarded. This accounts for the successful use of car- 
bonaceous facing materials in molding sand. 

The third disadvantage of the silica-base sand is 
the very small particles, 10 to 1 microns, of silica 
that are present in the sand. ‘These particles may 
form a silicosis health hazard, 

Silica-base molding sand possesses some definite 
advantages over other molding materials, for example, 
wide availability, making for low transportation cost; 
low initial cost, $2.00 to $10.00 per ton; long life 
of the grains; availability in the desirable rounded 
grain shape and availability in a wide variety of grain 
size. 

Zircon, or zirconium silicate, ZrSiO,, is a creamy 
colored sand originating from Florida, California, 
India or Australia. Australia has the largest deposits. 
Zircon sand is used extensively as a facing sand for 
steel and iron castings. It is also used in cores for 
brass and bronze castings. 

The expansion of zircon sand, 0.0032 in. per in., 
is substantially one-sixth that of silica sand. See Fig. 
1. The lower the expansion of a sand, the finer the 
sand may be without causing a mold wall fracture 
defect. Thus, zircon sand may be used with a fineness 
range from 110 to 160 AFS fineness number for all 
types of castings. This fine grain structure forms a 
foundation for the production of a smooth casting 
surface. 
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Fig. 1—Free expansion of various base molding sands at 
2000 F; 1% x 2-in. AFS specimen with '2-in. diameter 
hollow center. 


Another attribute of zircon sand that adds to 
smooth casting surface and easy cleaning is its 
chemical inertness. It does not wet easily or react with 
molten metal, thus preventing sand burn. 

The high heat conductivity of zircon sand, approxi- 
mately 14.5 Btu per sq ft per sq in. thickness, is 
substantially twice that of silica sand. The density 
of zircon sand is substantially 172 lb per cu ft as 
compared with silica molding sand at 98 Ib per cu 
ft. This explains in part why zircon sand subtracts 
much more heat than silica sand. This in turn causes 
the fast formation of a solidified metal layer at the 
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metal-sand interface of the mold to prevent metal 
penetration. 

The “B” sintering point of zircon sand is high, 
above the capacity of present equipment. This may 
explain why sand-burn defects are not present on 
zircon-faced molds. 

The fine grain, high heat conductivity, high re- 
fractoriness, low expansion, high density and chemical 
inertness make zircon sand a great tool in the foundry- 
man’s hand to produce high quality castings at a 
low cleaning cost. He must, however, exercise great 
care in the quantity used per given pattern area, 
since zircon sand costs, on the average, $75 per ton 
delivered, as compared to silica sand, costing less 
than $12 per ton. In practice, only a thin facing layer 
of zircon sand is used on a pattern or in a core box, 
thus reducing cost of zircon sand to a point where 
cost of casting is actually reduced due to saving in 
cleaning cost and quality improvement which re- 
sults in fewer rejects. 

In foundry practice one must recognize the follow- 
ing points about zircon sand. 

1. High unit cost, 

2. it has approximately one-half the volume of 
silica sand, 

3. should not contain more than 0.5 per cent of 
free silica, 

4. should contain not less than 64 per cent ZrO, 
(a pure zircon sand would contain 67.2 per cent ZrO 
and 32.8 per cent SiQ,.) 

5. the percentage by weight of binder and water 
is lower for zircon than for silica sand, 

6. increased mixing time for zircon sands, 

7. have the back surface of rammed zircon facing 
sand in core box or on pattern rough so that it will 
knit well with silica backing sand, 

8. use good venting practice. 

The mixtures for zircon sand follow the pattern 
of silica sand. Care should be exercised to have ample 
strength at room, air set, dry and hot by having 
proper binders present for all temperature ranges. 
A study of the available literature is suggested, for 
example Ref. 1, 2, and 3. 

Olivine Sand.—Olivine is a greenish ortho-silicate 
of iron and magnesium, 2 (MgFe) O.SiO, occurring 
in nature as forsterite and fayalite. Olivine is found 
in large quantities in many localities, such as British 
Columbia, California, Washington, North Carolina, 
Norway and Russia‘. 

The foundryman’s interest in olivine sand arises 
mainly from the fact that olivine sand contains no 
free silica which may become a silicosis hazard. 

The density of olivine sand is 122 Ib cu ft as 
compared with 98.5 Ib cu ft for silica sand, when 
rammed with an AFS specification sand rammer. See 
Table 1. 

The refractoriness of olivine sand is 2275 F “B” 
sintering point as compared to 2400 F for silica sand, 
both bonded with 4 per cent western bentonite. 
Olivine is considered by some to have high refrac- 
toriness and good resistance to metal erosion. The low 
“B” sintering point of olivine sand does not point 
toward high refractoriness. However, its composi- 
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tion should inhibit fluxing with iron. The expansion 
at 2000 F of olivine sand is 0.0137 in. per in. of 
length as compared to 0.021 in. per in. for silica 
sand, described in Table 1. This reduction in expan- 
sion is sufficient to reduce occurrence of mold surface 
fracture defects. However, it could not be considered 
a fool-proof sand. European foundrymen report that 
they have experienced scabbing from olivine sand. A 
fool-proof sand, free from mold wall fracture defects, 
should possess an expansion under 0.004 in. per in. 

Olivine sand is used in Norwegian foundries® and 
in the foundry of the University of Washington, 
Seattle, Wash.® for castings of iron, aluminum, copper 
and recently for steel. The olivine sand is used in 
green and dry molds also for oil-bonded and black 
cores. 

At present there is no commercial producer of 
olivine sand in the States known to the author, How- 
ever, in Norway, where olivine is used extensively, 
good grades of olivine sands are commercially avail- 
able. Shipments of olivine sand are made from Nor- 
way to other countries of Europe. 

Olivine sand possesses the desirable attribute of 
being free of any silicosis hazard. It is found in 
large quantities in the Pacific Northwest, where 
transportation cost of silica sand is high. Olivine sand 
in such localities may some day find extensive use 
where the cost of silica sand is high. 

Casting defects, such as scabs and rat tails are 
minimized with olivine sand. However, one must 
not assume that olivine sand eliminates such defects. 
This is explained by the fact that olivine sand does 
not have an expansion of 0.004 in. per in. or lower. 

The bonding requirement for olivine molding sand 
is quite similar to that of silica sand. However, in 
oil sand cores, a greater percentage of oil is required 


TABLE 1—MECHANICAL PROPERTIES OF 
Various BASE MOLDING SANDS 








Calcined 
Missouri 
Flint 2 
Silica Clay ‘> 
Sand Zircon Mullite Coke (Chamotte) 6 
% Western Bentonite 3.0 5.0 12.0 
% Ohio Fireclay 12.0 9.0 
% Moisture 3.0 4.2 7.8 3.8 5.4 
Properties 
Green 
Permeability 145 11.4 490 119.6 475 156 
Green 


Compression, psi 8.5 8.0 8.9 8.6 12.2 8.8 


Green 
Deformation, in. 0.021 0.023 0.016 0.020 0.017 0.018 


Density 

Ib/cu ft 985 172.1 91.0 66.7 om «aes 
Expansion 

2000 F, in./in. 0.018 0.0032 0.0092 .0,0045 0.0052 0.0137 
“B” Sintering, F 2650 — 2700 — 2675 2275 
AFS 

Grain Fineness — 1114 34.8 71.4 14.5 58.6 
Green 

Hardness 83 78 83 84 83 82 
Hot Strength, 

2000 F, psi 171 462 283 15 — 236 
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for the angular olivine sand than for the silica sand 
of the well-rounded grain type. 

Olivine flour availability to the foundry would be 
a great step forward. Most likely sources would be 
North Carolina, Washington or California. 

From present information, olivine sand should not 
be mixed with silica sand. 


Mullite Sand.—Aluminum silicates of the composi- 
tion Al,O; SiO, are used successfully as refractories 
and offer a source of good molding material with 
low expansion. Their cost, ground and graded in 
fineness suitable for molding sand, would be approxi- 
mately $150 per ton. Aluminum silicates have a 
density of 91 Ib per cu ft as compared with that of 
silica molding sand of like grain size which is 98.5 
Ib per cu ft, both rammed to 83 mold hardness. See 
Table 1. 

The high cost of aluminum silicate molding sands 
would dictate that they be used for facing sands only 
on portions of mold surface where one desires a low 
heat transfer to retard metal solidification of the 
casting. Zircon sand would be used on mold faces 
where high heat transfer is desired. 

The mineral of the aluminum silicate family that 
offers good possibilities as molding sand, but at a 
high cost, is kyanite, mined in North Carolina, 
Georgia, Virginia, California and India. Kyanite con- 
verts to crystalline mullite when heated to a high 
temperature. Mullite, 3Al,03-2SiO, is stable up to its 
melting point. It is neutral and will withstand both 
oxidizing and reducing atmospheres. 

The exparision of an available grade of mullite 
molding sand bonded with 4 per cent western ben- 
tonite is 0.0086 in. per in. of length as compared to 
0.0193 in. per in. for a comparable silica molding 
sand. See Fig. 1. When the sand is bonded with 4 
per cent western bentonite, the “B” sintering point is 
2700 F. 

Sillimanite from India, which is not available at 
the present time, produces a molding sand with ex- 
pansion in the order of 0.002 in. per in. of lineal 
expansion. Castings have been made in sillimanite 
sand with surfaces free of defects. A very fine grain 
size may be used with a high mold hardness. These 
attributes point toward adaptation for precision 
casting work. This is a field that awaits development. 
The continued rise in labor dictates that when one 
makes a part he should make it as near ready to use 
as is possible and thus not repeat labor expense. 


Carbon Sand.—A high grade foundry coke, which 
is low in sulfur, may be crushed and screened to 
produce an aggregate for a molding sand of carbon 
base. These aggregates may be bonded with bentonite 
or clay and tempered with water. The amount of 
water required to temper is higher than for silica 
sand. For a medium grain size sand, with a perme- 
ability of 80, substantially 9 per cent moisture is 
required. The coke grain absorbs moisture. 

A carbon sand of this type weighs only about two- 
thirds as much as silica sand, making for light weight 
molds. 

Molds made of this sand may be rammed exceed- 
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ingly hard without fear of mold wall spalling due 
to expansion. This sand does not expand. Very fine 
grain size may be used. In semi-production test heats 
no scabs, rat tails, buckles, wash or sand burns were 
experienced on difficult castings. A small carbon soot 
accumulation does appear on the cope side of the 
casting if the mold is poured slowly. Castings made 
in carbon sand are clean and smooth. No apparent 
rapid breakdown of coke-bonded sand was detected 
on repeated use. 

The present-day disadvantage of this sand is that 
the sulfur contained in the coke will cause an offen- 
sive and toxic sulfur dioxide gas to be given off when 
molds are poured and shaken-out. Molds made 
entirely of coke sand and shaken out while casting 
is red hot should be placed under a suitable hood 
to remove the fumes. The road is, however, open for 
someone to produce a hard grain carbon sand that 
contains no sulfur. This would give the foundryman 
a new and useful tool. 

Chamotte sand is calcined clay fired so that the clay 
fuses together in hard lumps. The lumps are then 
ground and screened to size suitable for molding. 
The grain hardness is less than that of silica sand, 
however, the grain breakdown of well-fired chamotte 
is not severe. 

Chamotte finds its greatest application in European 
foundries with limited use in the States. Refractory 
bricks may also be crushed and graded to form 
chamotte molding sand. A low-priced chamotte sand 
is made by firing a shale clay at 1800 F; ball clay 
is another source. 

The chamotte sand as described in this paper is 
from a Missouri flint clay. A graded sand from this 
material is obtainable at about $70 per ton. The 
mechanical properties of this chamotte sand are 
tabulated in Table 1. The maximum expansion is 
0.0052 in. per in. of length at 2000 F. The expansion 
of chamotte sands will vary depending on firing 
and quality of clay. As a rule, chamotte sand is used 
coarser than silica sand to further enhance a low 
expansion. It is used primarily in the more compli- 
cated steel casting field where good surface with good 
contour control is required. The low expansion makes 
it possible to ram hard without too much danger from 
mold surface fracture. The better the grade of 
chamotte, the less the danger of mold surface frac- 
ture which may result in penetration, scabs and also 
burn-on. 

Good practice requires that the chamotte sand and 
the fire clay bond be mated so that they do not flux 
each other at elevated temperatures. The percentage 
of fire clay used to bond chamotte or calcined clay 
sand ranges from 12 to 18 per cent. 

Chamotte (calcined clay) sand is an excellent sand, 
and its use in the States and Canada could be ex- 
tended for the production of high quality steel and 
iron castings. The sand has a relatively low heat 
transfer so that it might prove useful in solidifica- 
tion control of metals by using chamotte on sections 
where slow cooling is desired and zircon sand faced 
chills for the fast cooling sections. 

Chamotte sand, as generally used, should not be 
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considered a fool-proof sand, for scabbing and metal 
penetration defects do occur. Improved choice of 
materials used in the manufacture of chamotte, to- 
gether with improved bonding materials used, would 
greatly reduce expansion to a value where mold wall 
fractures would not occur and would also allow 
eliminating the coarse grains. This would do much 
toward reducing metal penetration, should mold 
coating be thin or not present. 
3. Blending of Sands 

A successful sand practice is one in which we first 
recognize that the fineness, distribution, amount of 
fines and clay content play a major part in the 
quality of castings produced. 

Very few of the molding sands used in a foundry 
are from one source. As a rule, the production sand 
is a combination of one or more sands, for example, 
lake sand and bank sand, or natural-bonded sand 
and sharp core sand. Thus, it is well to have sands 
that combine to form a production sand which con- 
sist of grain sizes that will blend together to give an 
acceptable fineness and grain distribution. The blend- 
ing of synthetic bonded sand with a natural-bonded 
sand often improves the workability of a molding 
sand. 

Grain Fineness.—The smoothness of a casting de- 
pends to a large extent upon the grain size of the 
molding sand, Elimination of the large sand grains 
is beneficial in improving the casting finish. 

The base permeability of a sand may be calculated 
by the formula: 


i py (714)? 

Base Permeability = SD 3M 
where: S$ = 1.0 for round grains 
S = 0.8 for angular grains 

D = 0.66 for 3-screen sand 


D = 0.50 for 4-screen sand 
M = AFS Fineness Number 

For all practical purposes, a 4-screen sand, for 
example, consisting of equal portions of 50-70-100-140 
sieve grains, will have a base permeability of 63. A 
3-screen sand, consisting of equal parts of 70-100-140 
sieve grains, will have a base permeability of 58. 

There is little difference in the venting property 
of these two sands. However, there is a perceivable 
difference in the coarseness of these two sands. The 
4-screen sand has 25 per cent of 40-mesh sand, while 
the 3-screen sand has none. Thus, the 3-screen sand 
will produce the better finish. However, it is the 
general opinion that a 4-screen sand is more stable 
under heat shock. 

The use of a sand of the smallest grain size that 
will give the required permeability is good practice. 
The relation between permeability and AFS grain 
fineness is shown in Fig. 2. This chart shows that in 
one sense a permeability test is in reality a quick 
fineness test. 

The small grains that are smaller than 100-mesh 
material do not possess high refractoriness. They 
generally flux to a plastic mass at temperatures near 
2500 F. 

The hot strength at 2500 F of the fine grains that 
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Fig. 2—Relationship between fineness and base per- 
meability. 


pass through a 100-mesh sieve is very low, generally 
approximately a few pounds. Note Fig. 3. 

At temperatures below 2500 F the hot strength of 
sand grains increases with fineness. The smaller the 
grains the higher the hot strength at 2000, 1500, 1000 
and 500 F. The dry strength at 230 F also increases 
with fineness, Fig. 3. It is, therefore, important that 
the percentage of fine sand grains be held at a con- 
stant value, in order to obtain a uniform pattern 
of hot strength. 





Fig. 3—Effect of grain size on hot strength. 


Large sand grains, unless they total more than 30 
per cent, do not improve the permeability appreci- 
ably. An important item to remember in this con- 
nection is that one could have up to 30 per cent of 
coarse sand grains on the coarser sieves, which would 
not improve permeability but would roughen the 
casting finish. The coarse grains must total above 33 
per cent before they will increase the permeability 
of a sand. This is illustrated in the base permeability 
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Fig. 4—“Closing” and “opening up” molding sands. 


curve, Fig. 4, where different percentages of fine and 
coarse sand grains are added to a 70-mesh sand. It 
is essential that all sand engineers understand the 
mechanism of sand blending as taught by the chart 
in Fig. 4. 

There are two phases to the mechanism of sand 
blending in reference to permeability. The “closing- 
up” phase and the “opening-up” phase’. 

It may be noted in Fig. 4 that the closing-up 
phase is obtained by increasing the finer material 
and moving to the right on the chart while the 
opening-up phase is obtained by adding coarser ma- 
terial and moving to the left on the chart. 

The base permeability of the 70-mesh base sand 
is 200. By adding finer material to it, we enter the 
closing-up phase, and the base permeability of the 
blended sand is shown below the 200 base perme- 
ability line for 100, 140, 200, 270-mesh, and pan 
material. Where the percentage line crosses any of 
these lines one can read the base permeability of the 
blend on the right-hand ordinate scale. Similarly, 
the base permeability for any percentage of grain 
coarser than 70 mesh can be determined for 50, 40 
and 30-mesh additions to the 70-mesh sand. A few 
examples may prove helpful. 

On the closing-up phase note that when 10 per cent 
of 270-mesh grain is added to the base sand of 70 
mesh the permeability drops from 200 to 100. 

Increase the addition of 270-mesh grain to 70 per 
cent and note that the base permeability of the blend 
drops to that of the 270-mesh material. 

Next, note a few cases for the opening-up phase. 
Remember that the permeability curves are above 
the 200 permeability in this phase. When 10 per cent 
of 30-mesh grain is added to the 70-mesh base sand 
the permeability remains at the original 200 perme- 
ability for all practical purposes. One must add more 
than 30 per cent to really increase the permeability 
by an appreciable amount. For example, a 50 per cent 
addition of 30-mesh grain will raise the permeability 
from 200 to 220, a 10 per cent increase. 

When one desires to increase the permeability by 
adding a coarse grain for permeability improvement, 
and the addition will not be greater than 50 per 
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cent, then he may as well use the next larger mesh 
grain and not a grain size much larger. 

The importance of this subject warrants a briefly 
stated conclusion: 

1. A slight addition of fine sand grains to a mold- 
ing sand will cause a sharp decrease in the perme- 
ability. 

2. A 10 per cent addition of fine sand may cause 
as much as a 50 per cent decrease in permeability. 

3. Fine sand grains will have absolute control over 
permeability of a sand when they total to 70 per cent 
and over. 

4. A small addition of coarse material to a molding 
sand will not cause an increase in permeability; for 
example, a 10 per cent addition of coarse grains will 
not increase permeability. 

5. A 30 per cent addition of coarse grains will 
increase the permeability a few points but not suffi- 
ciently to be of any practical value. 

6. As long as 70 per cent of the original production 
sand remains, it will control the permeability by fill- 
ing up the larger voids of the newly added coarse 
grains. 

7. When more than 33 per cent of coarse grains 
are added, new large voids are formed free or partly 
free of fines, and permeability is increased. 

8. Fine sand grains have much greater influence 
on the permeability than coarse grains. 

9. Add the next coarser sand grains to increase 
permeability of a sand and not a much coarser sand 
to protect the surface finish of the castings. 

Green permeability of molding sands, as used in 
sand control, may be considered as a quick fineness 
and distribution test. Any change in the fineness or 
distribution of a sand will be shown by a change in 
the permeability value. Permeability is also a measure 
of the venting ability of a sand when other condi- 
tions, such as quantity of heat, moisture and gas pro- 
ducing materials are held constant. The scabbing, 
buckle, and rat-tailing tendencies are reduced with 
an increase of permeability, at the expense of surface 
finish, when no mold protective coatings are em- 
ployed. 

Grain Shape.—The question has often arisen as to 
the effect of the shape of sand grains on the perme- 
ability. Various test values, such as grain size, sur- 


TABLE 2—-EFFECT Or GRAIN SHAPE 
On SAND PROPERTIES 
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face area, permeability and strength, are tabulated 
in Table 2 for rounded and angular sand grains, 
when mixed with a bonding material by the muller. 

An interesting fact is that the permeability, whether 
base, green or dry, is higher in each case by at least 
20 per cent for the rounded than the angular sand 
grains. The above fact is most natural, as rounded 
grains produce maximum void space. 

The strength values of rounded grains, when 
bonded with clay, produce a molding sand with less 
bond strength than a molding sand made with 
angular sand grains. When these same sand grains 
are bonded with a core oil and baked, the core 
made with the rounded grains will have a much 
higher strength than the angular sand core. The 
larger surface area of the angular grains demands 
a greater quantity of oil, which accounts for the 
lower baked strength. 

Distribution.—Basically, the grain structure of the 
sand gives us the starting point of our molding sand 
and forms the structural properties of a sand. The 
various ingredients that are contained in the sand 
also add to the structure of the sand; and it is 
necessary that the essential properties of these ingre- 
dients be known. 

In the group of structural properties of a sand, 
one is essentially interested in grain shape, grain 
fineness, grain distribution, fines (4 to 50 microns) , 
grain purity, clay substance and kind of additives. 

The rounded grain with freedom from cleavage 
planes has proven the better. The grain size, that is 
fineness, is chosen as a compromise between a fine 
sand for casting surface finish and grains that will 
impart sufficient permeability. 

Grain distribution, i.e., the spread of the grain 
sizes, is chosen not on any definite technical formula 
but on practical observation. One of the older grain 
distribution formulas is one in which 75 per cent of 
the grains are retained on three adjacent sieves, while 
the remaining 30 to 25 per cent of the sand grains 
are retained mostly on sieves next to the main group 
of three sieves. This distribution gives efficient vent- 
ing and possesses an appreciable amount of voids 
for grain expansion. This formula should not be con- 
sidered to describe a 3-screen sand, since 25 per 
cent of the sand remains to join the three sieves 
specified. 

A more complete sand grain distribution factor 
by Schumacher, generally referred to as the 4-screen 
sand, is the present popular factor. A 4-screen sand 
is one where 90 per cent of the sand grains are re- 
tained on four adjacent sieves of the AFS sieve series. 
A sieve containing more than 10 per cent grain is 
counted as a screen. A sieve containing less than 10 
per cent grains is counted as a one-half screen. 

A good example of how grain distribution affects 
mold wall fracture is shown in Fig. 5. The casting 
on the right hand (Fig. 5) was cast in a sand of 100 
and 140 mesh. The degree of rat tailing is pro- 
nounced. When the same metal was poured into a 
mold composed of equal parts of 100, 140 and 200- 
mesh sand, the degree of rat tailing was reduced, A 
continued reduction in rat tailing is secured when the 
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Fig. 5—Rat tail defect increases with narrow grain dis- 
tribution. Photo shows cope side of castings. 


mold is made from 100, 140, 200 and 270-mesh grains. 

The percentage of fines and silt, 4 to 50 microns, 
which is retained on the pan and within the clay 
substance syphoned off in the AFS clay substance test, 
should be controlled within set limits. The work 
of AFS Committee 8-J on scabbing tendencies of 
iron sands shows definitely that an excess of fines 
increases scabbing tendencies’. The fines, 4 to 50 
microns, when held below 10 per cent did not cause 
sand bonded with western bentonite to be conducive 
to scab defects. When the fines were above 10 per 
cent, sand would scab easily. 


4. Additives 

The practice of using materials other than sand 
grains, fines, and clay substance in molding sand is 
an old art. Early foundry practice involved the addi- 
tion of manure, straw and beer. Our practice today 
revolves around the addition of sea coal, pitch, wood 
flour, silica flour, perlite and chemicals. Much of the 
early use of manure and straw in molding sand was 
for the purpose of cushioning. Today we use wood 
flour, ground cereal hulls and perlite as cushions in 
our sands. These are changes in material rather than 
of purpose. 

The use of sea coal and pitch as a carbonaceous 
facing material should not be considered a modern 
one. 

The use of silica flour for fines control may be con- 
sidered modern. Not so long ago the sole purpose of 
silica flour addition was to fill the voids of a sand. 
A more modern reason is to increase the hot strength 
of a sand materially. 

The addition of chemicals to sand may be con- 
sidered a recent development for the purpose of 
influencing the green, air set, dry and hot properties. 

Additives to sand may be divided into five main 
classes namely, cushioning, facing, fines, cereal and 
chemical. 

Cushioning Additives.—Cellulose materials, ground 
so that substantially 90 per cent or more is 100 mesh, 
are sold under various trade names. Commonly re- 
ferred to as wood flour, they are extensively used 
by foundries in their sand mixtures to improve the 
casting surface finish and to reduce surface defects. 
The use of this material under good control is to 
be encouraged. ; 

Cellulose material from maple or beech wood, 
treated and untreated, is readily available. The same 


~~ 


applies to cellulose material obtained from the hulls 
or fibers of cereals. 

Cellulose materials may be treated to retard com- 
bustion or they may be partly carbonized so that they 
will have some facing value. The fineness of cellulose 
material should be of a constant and uniform grind 
so that the rate of combustion is uniform, making it 
possible to establish a routine foundry practice. _ 

The effectiveness of cellulose material in molding 
sand is a function of the volume of addition rather 
than the weight of addition. Thus, a very important 
factor is in its weight per unit of volume; the more 
bulk for a given weight often leads to economy. 

Low ash and low sulfur content is also preferable. 
A moisture content below 8 per cent is desired, Some 
of the cellulose materials are blended with iron oxide 
and carbonaceous facing materials, such as pitch. 

The influence of the various cellulose materials 
on the mechanical properties of a sand foliows similar 
patterns. Cellulose material additions in the order 
of from 0.5 to 2 per cent reduce the dry, hot and 
retained strength and also spalling® 1°. 

The addition of cellulose material to a molding 
sand will eliminate or reduce the mold wall frac- 
tures. This is well illustrated in Fig. 6. The casting 
on the left hand shows severe rat-tailing on the drag 
section. The hot strength of the sand was 120 psi, 
and the expansion at 1000 F was 0.017 in. When 
2 per cent of wood flour was added to this sand, the 
hot strength was reduced to 25 psi and expansion was 
0.014 in./in. Both the cope and drag sections of 
the casting are free of rat tails. The wood flour 
lowered the hot strength sufficiently so that the sand 
grains could move around without causing any mold 
fractures of sufficient size to show on the castings. 





A B 
Type of Sand A A + 2% wood flour 
Hot Strength, 1000 F 120 25 
Expansion, 1500 F 0.017 0.014 


Fig. 6—Addition of cellulose material eliminates rat-tail 
defects. 


In many cases, the smoothness of casting surfaces 
may be improved as illustrated in Fig. 7. The bottom 
casting was made without cellulose material, 
while the upper casting was made in the same 
sand with 114 per cent cellulose material addition. 
This resulted in an improved finish. 








Fig. 7—Improvement in casting finish. Bottom casting 
without cellulose material and upper casting with 112 
pct cellulose material added to the sand. 


Another cushioning additive is perlite. Perlite is 
a volcanic rock, which has been expanded into a 
glass-like cellular grain by heat. It is used for cush- 
ioning sand to reduce mold wall surface breaks and 
to insulate headers or risers on castings to improve 
their feeding". 

Facing additives, such as sea coal, pitch, oil and 
carbon, are all of a carbonaceous nature. 

Sea coal is generally a mix of several high volatile, 
low ash and low sulfur coals, ground to different 
fineness. The coarser grades are used for the heavier 
castings. Sea coal retards the expansion and increases 
the hot deformation and also retards the heat flow 
into a sand. It forms a carbon layer on the metal- 
sand face of the mold. A reducing mold atmosphere 
is also formed. The result is a smoother casting sur- 
face for iron castings. The effect of sea coal addition 
on the properties of a sand is shown in Fig. 8. 

Sea coal may be coated with a thin film of a 
neutral hydrocarbon liquid to produce a dustless 
grade. The process also reduces the percentage of 
sea coal required. 

Fuel oil up to 3 per cent by weight may be added 
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Fig. 8—Effect of sea coal additions on mechanical prop- 
erties of a sand. 
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to a molding sand?*. The oil addition reduces air 
drying, amount of moisture required to temper, im- 
proves lift and reduces the amount of sea coal re- 
quired up to one-third. Provisions must be made for 
taking care of the gas from molds during pouring, 
cooling and shakeout. 

Bitumen, occurring naturally in Utah and Colorado 
as gilsonite, when ground fine furnishes a means of 
adding a rich carbonaceous facing additive to mold- 
ing sands. 

Solid and liquid asphaltic residues from the petro- 
leum cracking process are also used as facing addi- 
tive to foundry sands. 

Petroleum hydrocarbon residues are available in 
liquid and dry powder form. These materials may be 
emulsified so that they mix readily with water. This 
is one form of facing additive that does not hinder 
the tempering of sand. Its rich carbonaceous content 
creates a good reducing atmosphere for iron castings 
and produces a good finish. 

Pitch, a by-product of the gas house, in a dry, 
finely ground state is a common foundry material 
used both as a facing and binder in dry sand molds. 
Its use alone or with sea coal and cereal binders 
is well mastered by present-day foundrymen. Pitch 
may also be obtained in the dustless grade, and many 
proprietary grades are blended with other materials 
such as cereals. When pitch is diluted with sea coal 
or cereal, easier shakeout is secured. 

Finely ground graphite and hydrocarbon powder 
may also be added to a molding sand to secure better 
casting finish. Their use at present is limited to fine 
sands and cores. 

Fines Additives——The additives such as silica flour 
and iron oxide may be grouped into the fines addi- 
tives. In this group one may place silica flour, olivine 
flour, fly ash, alumina flour and iron oxide. 

Silica flour is used extensively in foundries, and 
the effect it has on the mechanical properties of a 
sand should be well known. The graph in Fig. 9 
will be found useful in reviewing how silica flour 
affects the properties of a sand. 

The strength properties are affected as follows: 
Green, dry, hot and retained strengths are materially 
increased with increasing quantity of silica flour addi- 
tives. The sintering, green deformation, hot deforma- 
tion, density and expansion are all increased with 
060 170 
165 
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Fig. 9—Effect of silica flour addition on mechanical 
properties of a sand. 
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increasing silica flour. Both the permeability and 
flowability are decreased. Thus, silica flour may be 
considered largely as an increasing additive. 

Other finely ground materials such as olivine, 
alumina and boiler fly ash will perform as well as 
silica flours. Boiler fly ash is both low in price and 
available, but it is a dusty material. 

Olivine flour, if it were available at an economical 
price, would find good use in the foundry due to the 
fact that it has no free silica. 

Iron oxide, which belongs in the fines additive 
class, finds extensive use in core sand, where it fluxes 
with the silica to form a strong plastic viscous glass 
flux at high temperatures. It is useful in holding the 
sand grains together after the core binder is decom- 
posed, This eliminates or retards core cracks at high 
temperatures into which hot metal may run forming 
fissures on the cast surface. 


Cereal binder of various grades finds a definite use 
in improving molding sands. The cereal binder im- 
proves the toughness, green, air-set, dry and» hot 
strength of a sand, resulting in better lifts and cleaner 
castings. The problem becomes one of weighing the 
cost of the cereal binder against the improvement of 
the casting quality. The percentage of cereal binder 
is usually in the range of 14 to 1 per cent for normal 
castings. The surface finish of steel castings may be 
materially improved through the use of cereal binders. 
The degree of penetration may also be reduced to 
such an extent that sand will peel from steel castings, 
provided the mold has been rammed properly and 
the sand is not too coarse. 

Gelatinized cereal binder from corn increases the 
air-set, dry and hot strength up to 500 F. Dextrine 
types of cereal binders, in addition to increasing the 
air-set, dry and hot strength up to 500 F, increase 
the hot strength at 2500 F. 


Chemical Additives.—The practice of adding chemi- 
cals to molding sand is recent, and more time will 
be required before extensive knowledge will be had 
on this subject. This does not apply to the sands 
used for magnesium castings where the practice of 
adding chemicals is well established. The purpose 
is to avoid oxidation of magnesium metal and to 
give a smooth appearing casting surface. 

Chemical additives for magnesium sands may be 
briefly cataloged as compounds of ammonium, sulfur 
and boric acid. Gas injection into the mold is also 
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Fig. 10—pH values of various molding materials. 
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practiced at times. While this practice is a necess- 
ity in the magnesium foundry, a practice similar in 
purpose for iron and steel castings may lead the way 
to great improvement in iron and steel castings. 
The addition of sodium chloride in controlled 
quantities is being used in a steel foundry. The pur- 
pose here is to secure a controlled mold wall 
glazing. 

A number of steel foundries are adding sodium 
carbonate to the molding sand. The pH value is 
held at or near 7.7. The influence that pH has on 
foundry sand may be reviewed in foundry litera- 
ture!’, The pH value of various materials that are 
added to sand is shown in the graph, Fig. 10. It is 
well to know that the pH of foundry materials varies 
over a wide range. For example, a cereal flour, shown 
on the extreme left, has a pH value of 2.8, a very 
acid material; while a Michigan clay, shown on the 
extreme right hand, has a pH value of 8.9, a very 
alkaline material. 

When one changes the pH value of a sand, whether 
it be by an additive or by the acidity of water, one 
should recognize that a pH change can result in a 
base exchange that will alter the properties of the 
bentonite or clay contained in the sand. 


Effect of Additives on Hot Properties—The addi- 
tion of silica flour to a sand will materially increase 
the hot strength of a sand. The stress-strain diagrams 
for sands heated to 1500 F are shown in Fig. 11 (base 
sand, base sand with 2 per cent wood flour addition, 
base sand with 15 per cent silica flour addition). 
These form an excellent example for studying the 
effect of silica and wood flour additives on the hot 
properties of a sand. The base sand has a hot strength 
of 105 psi but only 63 psi when 2 per cent wood 
flour is added. The hot strength increases to 327 psi 





4% WESTERN 
BENTONITE 


HOT COMPRESSIVE STRENGTH, PSI 


4% WESTERN 
BENTONITE 
2% WOOD 
FLOUR 


HOT DEFORMATION, IN./IN. 


Fig. 11—Stress-strain diagram of sand with and without 
silica flour and wood flour. 
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with an addition of 15 per cent silica flour. 

A sand never should be worked at its ultimate 
mechanical property. The stress-strain diagrams do 
show that the rate of hot deformation of these three 
sands, as loads are applied, does differ greatly. It 
has been found in practice that the rate of hot 
deformation is a good index. One can calculate the hot 
deformation value for each pound of load or express 
the value of hot deformation at some normal hot 
strength, for example, 50 psi. 

When the latter method is chosen, the hot defor- 
mation value at 50 psi load is 0.001 in. for the 15 
per cent silica flour addition, 0.002 in. for the base 
sand and 0.004 in. for the 2 per cent wood flour. 
Therefore, the sand with the wood flour is four times 
more plastic than the silica flour sand, and twice as 
plastic as the base sand at 50-psi load. This example 
is a good exhibit for showing the cushioning power 
of cellulose materials. 

The hot strength at 500, 1000, 1500, 2000 and 2500 
F, of a base sand with cushioning additives such as 
sea coal, wood flour and cereal binders, is shown in 
Fig. 12. The hot strength of a sand bonded with 
southern bentonite is also shown. The base sand is 
bonded with 4 per cent western bentonite and has 
a high hot strength curve as shown by line no. | 
while line no. 26 shows a medium low hot strength 
for the southern bentonite sand. 
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Fig. 12—Additives such as cereal, sea coal, wood flour 
lower the hot strength of a sand mixture. 


The addition of 5 per cent sea coal, curve no. 18, 
lowers the hot strength of the western bentonite sand 
more than that of southern bentonite bonded sand. 
This lowering of hot strength is one of the attributes 
of sea coal additions. Both sea coal and pitch impart 
high hot deformation at temperatures of 1800 F and 
above. 

The hot strength, curve no. 19, of the base sand 
with 2 per cent wood flour addition shows that wood 
flour reduces the hot strength to a greater extent 
than do any of the other materials shown, except 
that the 2 per cent cereal addition, which is exces- 
sive, will have a much lower hot strength at elevated 
temperature, such as 2000 and 2500 F. Some cereal 
binders seem to have a mild fluxing action at very 
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high temperature, thus forming a glaze which is 
helpful in retarding metal penetration. 

The hot strength of molding sand is an important 
property of sand. The quality of castings may be 
materially improved by a practical application of the 
findings of AFS Committees 8-J and 8-L, The greater 
the hot strength, the lower must be the expansion 
of a sand as illustrated in Fig. 13°. Castings free of 
rat tails have a hot strength and expansion as found 
in zone “A”, Fig. 13. Castings with rat tails were 
made in sand with hot strength and expansion values 
found in zone “B”. 
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Fig. 13—High hot strength sands require low expansion 
values to be free of mold fractures. Squares represent 
scab-free castings; circles, castings with scabs. 


There exists a relationship between expansion and 
hot deformation. The higher the expansion, the 
greater must be the hot deformation'*. The graph, 
Fig. 14, is the work of AFS Committee 8-J. This graph 
shows that castings free of scabs were made in sands 
with hot deformation, 0.008 in. and higher when the 
expansion was around 0.016 in. When expansion was 
around 0.024 in., the hot deformation should be 
0.010 in, or greater. 

Unusually instructive literature on this subject is 
found in AFS Committee 8-L’s Report, AFS TRANsAc- 
TIoNns, vol. 61, p. 154 (1953), in which is stated “if 
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Fig. 14—Freedom from mold wall fracture depends on 
relationship between hot deformation and expansion. 


mold-metal interface conditions are such that the 
expansion of the sand results in a deformation which 
exceeds the ability of the sand to deform at that 
temperature without fracture, a surface defect will 
occur.” Plotting the hot deformation and expansion 
of a sand will show graphically the relationship 
between hot deformation and expansion. The ideal 
would be to have the hot deformation walue exceed 
that of the expansion at all temperatures. For most 
silica sands, the expansion is greater than hot defor- 
mation at the lower range of hot temperatures where 
mold wall fracture could take place. The tempera- 
ture where the hot deformation curve crosses the 
expansion curve is called the critical temperature. 

The lower the critical temperature, the safer is 
sand to mold without rat tails, buckles and scabs. A 
good illustration is shown in Fig. 1515. The hot defor- 
mation and expansion curves are shown in solid lines 
for the sand “B’’. The critical temperature is at 1870 
F. This sand produced steel castings with scabs. Sand 
“A”, which did not produce scabs on the steel castings, 
has a hot deformation and expansion as shown by the 
dotted lines. The hot deformation curve crosses the 
expansion curve at 1555 F. This is a much lower 
critical temperature than for sand “B”, which caused 
scabs. From data at hand, one might process sands to 
have a critical temperature at or below 1500 F to 
eliminate or reduce defects that are caused by mold 
wall fractures. 


HOT DEFORMATION EXPANSION 





B-NON SCABBING SAND 
TEMPERATURE, F 


Fig. 15—Crossing of hot deformation and expansion de- 
termine critical temperature of mold wall fracture. 
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Fig. 16—Hot toughness of sand bonded with different 
bonds. 


5. Bonds 

Bonds used in present-day foundries may be 
grouped into classes such as bentonites, clays, natural- 
bonded sands, cements and hydrocarbons. These 
bonds are added to the sand in the foundry either 
in the dry or wet state. For example, bentonites and 
clays are added in the dry pulverized state or in the 
form of a slurry. 

Dry Bonds.—The degree of toughness that the 
mold should have at elevated temperatures will to 
a great extent determine the type of bond or blends 
one elects to use. The hot toughness graph, Fig. 16, 
shows hot toughness of some of the common bonds 
used in the foundry. The order of hot toughness of 
the various bonds correlates well with present-day 
foundry practice. 

The hot toughness is the product of hot strength 
and hot deformation. It is synonymous with work 
capacity, force x distance. The heavier the casting 
and the hotter the metal the higher the hot toughness 
must be. 

Southern bentonite bonded sand has the lowest 
hot toughness except at 1500 F. This explains why 
it finds its uses in molds for small castings and in 
molds that must allow for high metal shrinkage. 
Its use in blending with other bonds for lowering the 
hot toughness of the sand is extensively practiced in 
present-day foundries. 

Western bentonite and fire clay bonded sands are 
in the medium toughness class, while a blend of 
bentonite and fire clay has the highest hot toughness 
at the higher temperatures. The blend of fire clay 
and bentonite is used for the heavier class of castings, 
particularly for steel. 

Bonding clays are obtainable in a regular grind 
and in an air-floated fine grind. The latter finds use 
in the small casting field. 

Hydrocarbons, liquids and powders, forming a 
plastic bond around each sand grain, are in use for 
production of some 1000 tons per day of iron castings, 
The use of hydrocarbon bonds with a limited bento- 
nite bond is limited to the medium high pressure 
molding field. 

Foundry sand may be bonded with portland 
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cement and tempered with water. This type of sand 
is molded in the usual method. The molds are 
allowed to air set for some 48 hr to harden. Such 
molds produce heavy castings with accurate contours. 

Molds producing non-ferrous castings with casting 
contour accuracy that places them in the precision 
casting category are made with a very fine silica 
sand bonded with a special gypsum cement (plaster 
of paris). The percentage of fine silica sand in such 
a molding material ranges from zero to some 80 
per cent, the remainder being the special molding 
plaster of paris. 

Slurry Bond Addition.—Both clay and bentonite 
bonds may be added to a molding sand by mixing 
either or both in a water slurry and then adding 
a given quantity of the slurry to each batch of sand 
in the mixer or by adding the slurry at a given 
rate of flow to the sand as it enters a continuous 
type of mixer. 

The main advantage of this method is a saving 
of from 10 per cent to 33 per cent of the bond 
necessary when compared to the addition of clay or 
bentonite in the dry form to the sand in a mixer. 
One foundry using batch-type mixers and a combina- 
tion of western-southern bentonite with sea coal 
slurry, reports a consumption of 14 lb of bentonite 
per ton of iron castings. Other foundries using the 
slurry method generally use up to 25 lb of bentonite 
per ton of gray iron. Similarly foundries adding 
bentonite by the dry method use 35 to 40 lb of 
bentonite per ton of iron castings. 

Another advantage of the slurry method is that 
the green strength of a sand is more quickly de- 
veloped than by the dry method. The graph in Fig. 
17 shows the rate of green strength development 
versus time of mixing for both the slurry and dry 
method. 

As a rule, one can save 25 per cent in mixing time 
by using the slurry method, This, in effect, increases 
the output of a sand system. 

A third advantage of the slurry system is that a 
material reduction of dust is had at the sand mixing 
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Fig. 17—Mixing time reduced by slurry bond method. 
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station as compared to adding the bond and sea 
coal at the mixer by hand. When automatic 
mechanical bond adders, which are dust-free, are 
used, then this advantage will disappear. 

A disadvantage of the slurry method is the added 
maintenance of the slurry system. This can be mini- 
mized by correct choice of equipment. 
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Fig. 18—Bentonite or clay dispersing unit. 


Slurry systems may be divided into three types: 
the gravity system, the pump pressure system and 
the air pressure system. 

All slurry systems have one thing in common, 
namely, a dispersing unit with a bond feeder, as 
illustrated in Fig. 18. The bond and other additives, 
such as sea coal or cellulose flour, are placed into 
a hopper by means of a pneumatic conveyor or by 
hand. A chute feeds the material into a cone-shaped 
bin mounted above a vibratory feeder. The vibratory 
feeder spills the material into the slurry tank. A 
typical slurry tank is 4 ft in diameter with a height 
of 5 ft. In case the material is western bentonite, 
the outlet of the vibratory feeder must be such that 
the western bentonite spills into a water curtain so 
that it will wet. All other additives may be fed 
directly into the slurry tank or onto a conveyor that 
will discharge the additives into the slurry tank. 
An average dimension for the slot of the water cur- 
tain is 1/16-in. opening by 8-in. length. The size 
of opening is usually machined on the job to give 
the desired water curtain, 

The rate of feed of additives is controlled by two 
methods. First, the cone bin is pivot-mounted so 
that the bottom outlet may be pulled forward, caus- 
ing an increasing space between the bottom outlet 
of the cone bin and the vibratory feeder table, to 
increase the rate of feed. 
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Another way to increase the rate of feed is to 
increase the magnitude of the vibration of the 
vibratory feeder table. This is readily accomplished 
by means of a control knob on the cabinet con- 
taining the electric component of the feeder. The 
rate of bond addition ranges from 20 to 80 lb per 
min. 

The water is generally added at lower than city 
water pressure. An adjustable water pressure regu- 
lator is provided in the water line, whereby the 
water pressure on the water curtain slot will control 
the water flow. An indicating water flow meter is 
useful in the water line to show the rate of water 
flow. A pressure gage is sometimes used as a means 
of estimating water flow. The water flow is mated 
with rate of feed of the additives so that the desired 
viscosity of the slurry is obtained. 

Specific gravity of a slurry is also a good means 
or method of measuring the thickness of a slurry. 
Baumé readings range from 25 to 60. However, 
Baumé readings are not too reliable due to the 
jelling action of western bentonite .which will cause 
Baumé readings to give a poor measure of the 
viscosity of the slurry. Continuous stirring is help- 
ful to retard bentonite jelling. 

When western bentonite is used alone in a slurry, 
a general rule is not to exceed 18 per cent solids by 
‘weight in the slurry. 

In case southern bentonite is used with the western 
bentonite, one can increase the solids up to 20 per 
cent by weight. A good average condition would be 
illustrated by 7.5 per cent western bentonite and 7.5 
southern bentonite by weight. Southern bentonite 
or clay goes into a mechanical suspension while west- 
ern bentonite is in a colloidal suspension. This makes 
it possible to carry a greater total of solids, when the 
two are present, than if western bentonite were used 
alone. This is important to remember when greater 
green strength is required in the sand. 

The addition of cellulose flours, for example, wood 
or cereal, in a slurry will thin out the slurry. Cellu- 
lose flour, particularly from cereal hulls, lowers the 
pH, that is, increases the acidity thus reducing the 


TABLE 3—TyYPICAL FINENESS OF 
GRANULAR WESTERN BENTONITE 








Mesh Range 

Grade A 

On 30 1% Maximum 

30 to 40 2 to 6% 

40 to 100 50 to 75% 

100 to 200 20 to 40% 

Through 200 1 to 6% 
Grade B 

On 30 1% Maximum 

30 to 40 20 to 30% 

40 to 100 30 to 60% 

100 to 200 15 to 20% 

Through 200 2 to 5% 
Grade C 

On 20 1% Maximum 

20 to 40 50 to 65% 

40 to 100 20 to 40% 

100 to 200 10 to 15% 

Through 200 1 to 3% 
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jelling action of western bentonite. The percentage 
of solids may be materially increased when a slurry 
contains cellulose flours. 

The solids percentage of a slurry may approach 
40 per cent when one adds western bentonite, south- 
ern bentonite or clay, and acid type cellulose fiber 
and sea coal. 

The green strength of molding sand may be con- 
trolled by changing the feed of the bond additions 
or by changing the water pressure on the water 
curtain slot. Either of these procedures will increase 
or decrease the percentage of solids in the slurry. 

A change in the fineness or moisture content of 
the bentonite or clay bond will change the rate of 
feed of a vibratory feeder. An increase of moisture 
or a finer grind of the bond will reduce the rate of 
feed. 

A normal grind of southern bentonite, clay, sea 
coal, or cellulose flour works well in a slurry system. 
However, granular western bentonite is used so that 
it will readily go into suspension in the water, This 
type of western bentonite wets quickly. Typical 
grinds of granular western bentonite are tabulated iin 
Table 3. 

The dispersing unit is equipped with a geared 
electric stirrer to keep the solids in suspension. The 
dispersing unit may be operated intermittently or 
continuously. Automatic operation may be secured 
by placing a high and low liquid level control in 
the slurry tank. The liquid level control opens and 
closes a solenoid valve in the water line. It also starts 
and stops the vibratory feeder or feeders. 

A slurry system consists of a delivery unit in 
addition to the dispersing unit. 


SLURRY 
SLURRY DISPENSER 
TANK 
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Fig. 19—A high pressure punip siurry delivery system. 


The most prominent delivery unit is the high 
pressure pump type illustrated in Fig. 19. The slurry 
from the dispersing unit enters the inlet of a rubber- 
lined pump, and the pump forces the slurry out 
along the delivery pipe line, which is generally 2 to 
3 in. in diameter, to any number of mixing stations. 
A slurry dispensing tank is a useful device for auto- 
matically measuring out the desired amount of slurry. 
It may be discharged manually in manual tempering 
of the sand. The slurry may be measured out in the 
correct amount and discharged automatically by 
means of an automatic sand tempering unit. 

Detailed information on slurry systems may be ob- 
tained from Doelman,’* who has been instrumental 
in the development of this method of adding bond 
to a sand. 





The gravity delivery unit is illustrated in Fig. 20. 
This method required head room above the mixing 
station and is the simplest form of delivery unit.!* 

















Fig. 20—Gravity slurry delivery system. 


A new delivery unit which appears promising is 
the air pressure delivery unit illustrated in Fig. 21. 
In this unit the slurry is placed within an air pres- 
sure tank after which high pressure air enters the 
tank, forcing the slurry to one or more storage tanks 
equipped with float valves. The storage tanks are 
equipped with stirrers to keep the materials in better 
suspension and to retard the jelling action of western 
bentonite. From the storage tanks the slurry is dis- 
pensed into the mixer. 








Fig. 21—Air pressure slurry delivery system. 


Dry Addition of Bond.—The bonding of molding 
sand by adding a pulverized fire clay or bentonite 
to the sand in the sand mixer is a common foundry 
practice. 

A recent change in bentonite bonding practice is 
worthy of discussion. The foundry is ever ready to 
adopt methods that reduce dust. 

Finely pulverized bonding materials are.a source 
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of dust, particularly when carelessly handled. A num- 
ber of foundries are now using a granular bentonite 
similar to the Grade A, Table 3, as dry bond. The 
granular bentonite has no real fine dust particles, so 
it is dust-free. Bentonites of this grind will generally 
bond as successfully as the finely ground bentonites 
provided they are milled sufficiently. They may be 
obtained in either bulk or sack shipments. 

Good quality control dictates that the bond addi- 
tion to a sand must be made uniformly at all times. 
The excess feeding of bond and then the discontinu- 
ance of feeding is not to be recommended. Means 
should be provided to feed the bond at a chosen con- 
trolled rate. With this in view, it is instructive to 
review briefly some of the ways in which uniform 
bond additions can be obtained. 

One of the older forms of bond addition is the 
vibratory feeder illustrated in Fig. 22. The magni- 
tude of the vibration of the feeding table may be 
regulated, which changes the rate of feed. 
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Fig. 22 (Upper Left)—Vibratory feeder. Fig. 23 (Upper 

Right)—Rubber tube feeder. Fig. 24 (Lower Left)— 

Telescoping cylinder feeder. Fig. 25 (Lower Right)— 
Rotating segment feeder. 


Another type of feeder in use is a bond volume 
measuring device illustrated in Fig. 23. The bond is 
stored in a bin forming the upper section of the 
unit. Underneath the hopper is attached a heavy 
rubber tubing into which the bond flows. Two air- 
operated pistons close the rubber tubing at alternate 
times. The bottom piston is adjustable up and down, 
thus allowing for selection of different volumes of 
bond. Operation is as follows: (1) Bottom piston 
closes rubber tube at bottom. (2) Top piston re- 
tracts and opens top of tubing. (3) Bond flows into 
the tube. (4) Top piston closes the top of tube and 
bottom piston retracts, thus opening the tube, allow- 
ing the bond to flow into the mill without dust. 
Cycling of the unit is mated with the sand mixer 
operation. 

A bond adding unit that is installed in a cylindrical 
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duct to feed the bond to a sand mill is illustrated 
in Fig. 24. This bond adding unit is also cycled with 
the sand mill. Two horizontal gate-type dampers or 
gates are provided. The bottom gate is mounted in 
a section of the duct that telescopes into that section 
of the duct in which the top gate is located. This 
allows raising or lowering the bottom gate so that 
various volumes of selected bond may be measured 
between the two gates. These gates alternate in open- 
ing and closing. When the top gate is open the bot- 
tom gate is closed. This allows bond to flow into the 
duct. Next, the top gate closes and the bottom gate 
opens allowing the measured bond to flow into the 
mill. 

A rotary valve type of feeder illustrated in Fig. 25 
is also in use. The rotating member possesses two 
open segments. The material flows into a segment 
when it is in the top position. As the rotating mem- 
ber rotates, this segment with the material is caused 
to be in the lower position, thus spilling the material 
into the mill. 


6. Cooling 


Most foundrymen have to contend with hot mold- 
ing sand due to inadequate cooling equipment. Hot 
molding sand has many shortcomings; it is weak, has 
low deformation causing a brittle sand, sticking in- 
creases, and dirt losses increase. Added bond is neces- 
sary and higher moisture must be carried in the sand, 
all creating a greater supervision requirement in an 
attempt to make the sand workable. 

The foundry can gain much by being provided 
with cooling equipment that will insure that the 
molding sand delivered to molders will not exceed 
100 F. 


Fig. 26—Rotating 
screen sand cooler. 





Cooling equipment possessing both large sand ton- 
nage and cooling capacity generally employs either 
a rotating cylinder or a multiple deck tower. A cool- 
ing screen of the rotating cylinder type is schematic- 
ally illustrated in Fig. 26. The hot sand enters one 
end of a rotating screen equipped with sand pick-up 
blades to cascade the sand. The cooling air enters 
with the sand or through openings in the lower sec- 
tion of the screen housing. The heated air passes 
up through an exhaust duct. Coolers are also made 
with louvers in the cylinder to allow for the cooling 
air to pass through the sand, Cooling the hot sand 
before it enters the dry sand bin is preferable. This 
avoids steam condensation in the sand layer adjacent 
to the steel walls of the bin, thereby eliminating a 
layer of wet sand which will hang to walls of a bin, 


15 


due to condensation of steam by the cooling action 
of the bin walls. 
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Fig. 27—Sand cooling tower. 

















A second type of sand cooler that has large capacity 
in both tonnage and cooling is the Deere Multiple 
Deck Cooling Tower as improved by McGavock of 
Lynchburg Foundry Co. This tower is illustrated 
in Fig. 27. It consists of a cylindrical steel shell. 
Inside this shell is a mounted vertical shaft rotating at 
3-5 rpm. This shaft carries three tables that discharge 
sand through an inner circular opening and three 
tables that discharge sand on their outer edge. A 
series of plows on each table causes the sand to 
travel in the desired direction. Air enters the shell 
through openings at the bottom, and the hot air to- 
gether with dust is exhausted through a top duct. 
Water which aids in the cooling of the hot sand is 
added before it enters the cooling tower. Sufficient 
water is added so that the cooled sand will have sub- 
stantially 0.6 per cent of moisture. 

Hot sand may also be cooled on a long oscillating 
conveyor, which is provided with a dust-tight cover. 
The oscillating conveyor pan and cover provide an 
air duct through which air is forced to cool the sand. 


7. Mixing 


There is an ever present trend to increase the ton- 
nage of prepared sand from sand preparation units. 
This has caused the time of the mixing cycle to be 
shortened in many plants to such an extent that the 
quality of the sand has suffered materially. The bond 
has not been uniformly blended into the sand nor 
has mixing been sufficient to make efficient use of the 
bond. 

It is well to be conversant with trends of mixing 
equipment design. Basically, sand mixers may be 
divided into two general types, namely, batch and 
continuous. 

The batch-type mixer mixes a given quantity of 
sand at a time while the continuous type mixer mixes 
a continuous stream of sand as it passes through the 
mixing unit. The batch method of mixing is well 
known and will not receive further discussion. The 
continuous type may find an increasing use in the 
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foundry as the result of a desire to prepare more 
sand through a given unit. It is, therefore, well to 
know the types of continuous sand mixers that are 
available. There are three general designs; the pug 
mill type, the muller type, and the conveyor-roller 
type. 

In the pug mill type mixer, two shafts revolving 
at different speeds, with blades attached, are enclosed 
in an elongated cylinder housing. The sand enters 
at one end of the cylindrical housing and is kneaded 
by the revolving blades as the sand is pushed from 
one end of housing to the exit end where it leaves the 
mill through an opening. This type of mill is illus- 

. trated in Fig. 28. 
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MIXER HOUSING 
Fig. 28—Pug mill type of continuous sand mixer. 


A second type is the continuous muller type, where 
one has either a stationary pan or a revolving pan. 
Continuous muller units with revolving pan are in 
use in Europe, while in the States the continuous 
muller of the stationary pan design is used as illus- 
trated in Fig. 29. In the latter design the sand enters 
the muller in the center of the stationary pan, and 
the plows and wheels which are driven around are 
so arranged that the sand flows on a continuing out- 
ward circle until it reaches an adjustable outlet in 
the outer shell. 
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Fig. 29—Muller type of continuous sand mixer. 


The third type of continuous mill is the conveyor 
roller type as illustrated in Fig. 30. The sand is car- 
ried under a number of loaded rollers so that it 
is squeezed together. The sand also passes through 
cutter reels that mix it. The next operation is to 
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Fig. 30—Conveyer roller type of continuous sand mixer. 
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aerate the sand on the belt. The aeration of sand 
will receive discussion subsequently. 

The mixer chosen for preparing the sand should 
be of such design and so operated with selected 
material that a continuous, smooth coat of bond is 
obtained around each sand grain. The bond coat- 
ing should be of uniform thickness. There should 
be no sand grains that are not coated. A microscope 
with 50X magnification is an excellent tool to study 
the uniformity of the bond coating. A sand with a 
uniform bond coating and complete absence of un- 
coated grains will be more thermally stable than the 
same mix poorly prepared. This is important in re- 
ducing scabs, buckles and metal penetration caused 
by mold wall fracture. 

The green strength, more commonly measured in 
compression, has a great bearing on ease of molding 
and casting loss. Present-day molders find sand with 
ample green strength advantageous. The quantity 
of a clay substance required is dictated by green 
strength limits set up for a given sand system and 
mixing efficiency. The quantity of the clay substance 
present in a given sand will greatly influence the 
important hot deformation characteristics of a sand. 

Since hot deformation is influenced by the quantity 
of clay present, it is essential to control the green 
strength at a predetermined level so as to have non- 
varying hot deformation. 

A low green strength sand has great scabbing ten- 
dencies, while one with a high green strength such as 
10 psi, tempered to produce a green deformation just 
under 0.020 in. and with a cushioning additive, has 
the least scabbing tendency. 

When the green deformation is included in sand 
control, it is possible to work the high green strength 
sands to an advantage. They lend themselves to 
present-day fast, carefree molding. When sands are 
worked at high green strength, for example, 14 to 
18 psi compression, then the sand is tempered with 
only sufficient water to limit the green deformation 
to a conservative value, for example, 0.018 in. for 
green sand molds for gray iron and 0.026 in. for dry 
sand molds for gray iron. In case of steel, the green 
deformation value increases to 0.028 in. for green sand 
and 0.033 in. for dry sand. 


8. Tempering 


Very few foundrymen are free from the continu- 
ous problem of securing a more exact moisture con- 
trol of molding sand. It is fortunate that recently 
much progress has taken place in improving the ways 
and means of tempering sand. A discussion of how 
this progress came about will help to understand the 
current advanced means of tempering sand in batch 
or continuous mills. 


Weight-Moisture Relation—An old foundry rule 
was to temper molding sand to secure the lightest 
weight of a squeezed handful and, in addition, to 
produce a semi-plastic mass of sand that was not 
brittle yet would not feel wet to the hand. 

This weight sense. has much scientific background, 
which is well illustrated in Fig. 31. The weight per 
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Fig. 31—Weight of molding sand as affected by moisture. 


unit volume, for example, lb per cu ft is highest when 
the sand is either dry or wet. The weight decreases 
to a minimum as the moisture approaches temper. 
At temper a riddled mass of molding sand is the 
lightest. 

Deformation-Moisture Relation. — The hand-feel 
tempering method also uses the degree of plasticity 
as a criterion. It is interesting to know that this sense 
of feel has a scientific background. The green defor- 
mation graphs for four sands in Fig. 32 show a straight 
line relationship between green deformation and 
moisture percentage. As moisture increases, the green 
deformation values increase. Thus, the temper of 
molding sand can be measured by determining the 
green deformation of a given sand, 


FLOOR FOUNDRY 
SAND 


006 008 O10 O12 O14 016 
DEFORMATION, IN./IN. 





Fig. 32—-Green deformation relationship to percentage of 
moisture. 


Since green deformation is a toughness measure 
of molding sand one can see the importance of hold- 
ing the green deformation at a chosen, constant con- 
trol value. This would deliver to the molders a sand 
of uniform toughness feel, allowing for standardizing 
the degree of ramming. The result would be molds 
of controlled green hardness and greater absence of 
flowability voids. A change in green deformation 
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will change the mold hardness when molds are 
rammed with a constant number of jolts. 


Instantaneous Moisture Determination.—Moisture in 
molding sand must be determined instantaneously 
for plant moisture control. To accomplish this, elec- 
trical moisture determination units are used at the 
present time. The electrical moisture determinators 
may be divided into two classes, the conductivity or 
capacitance methods. The former uses either a direct 
or a 60-cycle alternating current, normally at 110 
volts or less. The second type employs 250 volts with 
a high frequency, for example, 450 kilocycles. The 
latter method measures the capacitance of the sand 
while the former measures the resistance of the sand. 

A brief study of the conductivity and capacitance 
of molding sand is helpful in the practical applica- 
tion of electrical moisture determination. Both the 
capacitance and the conductivity of a sand increase 
with an increase in moisture. The rate of increase 
is satisfactory in both cases as is shown in Fig. 33. 
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Fig. 33—-Capacitance and conductivity of a molding sand. 


The conductivity or resistance does not increase at 
a uniform rate with a moisture increase as is shown 
by the curved line. The capacitance rate of change 
is quite uniform up to temper. The resistance of a 
sand may change more for a change in temperature 
of composition than for a change in moisture. Increase 
in temperature causes a moderate increase in capaci- 
tance. 

Electrical moisture testers should be relatively free 
of influence due to a change in grain fineness or a 
change in additives, The capacitance moisture test 
method meets these requirements, while the electrical 
resistance method changes with variables such as 
grain fineness or a change in additives. 

One great variable in molding sand is the compact- 
ness. Thus, the compactness factor must always be 
considered with an electrical moisture determination. 
The capacitance of a sand mass will change as firm- 
ness of sand around the high potential probe in- 
creases. However, after a relative medium firmness 
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is established, the capacitance will not change as com- 
pactness changes. The resistance of a sand mass will 
continue to change as the compactness changes. 

Both the resistance and the capacitance methods 
require that the same amount of probe be covered at 
all times. 

The foundry can make good use of electrical mois- 
ture determinations or control units when properly 
applied. Actual sand control can be greatly extended 
in foundries by their use. 
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Fig. 34—Continuous electric moisture recorder. 








A continuous moisture recording device is illus- 
trated in Fig. 34. A conventional recorder is used to 
record the signal from a capacitance probe that rides 
on a sledge. The probe plows through the sand as 
it passes a given point on a conveyor. The sledge is 
mounted on a parallelogram movement to allow it 
to move up and down and to smooth and compact 
the top layer of the sand. 

A unit of this type allows one to know the moisture 
content of the sand at any time of the day. Mounting 
hour hands on patterns will provide a measure of 
quality control for the percentage of moisture content. 

Temperature Index Tempering.—The quantity of 
water required to temper sand increases with tempera- 
ture rise above 110 F. The additional quantity of 
water needed increases by about 0.80 Ib for each 10 
degrees rise between 110 and 210 F and does not vary 
too greatly from system to system, Above 210 F, 1.6 
lb should be added for each 1,000 Ib of sand. This 
water is referred to as evaporation water. The water 
required to temper the sand is referred to as base 
water. 


Fig. 35—Evaporation 
water to be added to hot 
sand for each 1000 Ib 
of sand. 





%f 





The graph in Fig. 35 shows the quantity of evapora- 


tion water required for each 1,000 lb of hot sand. 
Similar charts showing the gallons of water to add 
to a batch of sand, for a given sand temperature, 
have been in use for a number of years. 
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The next step in the progress of sand tempering is 
an arrangement shown in Fig. 36, where a sand tem- 
perature indicator is used to show the temperature of 
the sand in the batch hopper. 











Fig. 36—-Sand tempering unit using sand temperature as 
index of water required. 


The operator noted the sand temperature dial and 
read the gallons of water required. He allowed suf- 
ficient water to pass through a water meter until the 
hand on the water meter dial corresponded to a 
gallon reading on the temperature dial. Thus, by 
matching water meter readings with temperature- 
gallon readings, repeated batches of a given sand are 
tempered very well. Each batch of sand would have 
to be of a given weight or volume. Temperature in 
this case is used as the index of moisture requirement. 
At the end of the shift, when nearly tempered or dry 
sand, being cool and at room temperature, was 
mulled, the operator would have to resort to the 
hand feel. For a uniform hot sand the temperature- 
index tempering method is helpful. 

Automatic Sand Tempering.—Automatic sand tem- 
pering units at the present time employ an electrical 
moisture determination unit, a sand temperature 
measuring unit, a water or slurry dispensing unit and 
a cycling or timer unit. 

The object of the cycling or timer unit is to open 
and close sand gates, muller discharge gate, and water 
valves. Such equipment has been in use for a number 
of years in some foundries. It makes for more uniform 
sand and increased tonnage of sand prepared, due to 
the definite time cycling of each operation of sand 
preparation. 

The sand temperature measuring unit needs no 
new or special equipment, since the usual temperature 
measurement devices are used. 

Dispensing Units——The water or slurry dispensing 
unit is a new item for the foundry. A cylindrical tank 
standing upright is employed. Two liquid level indi- 
cating devices are commonly employed. One uses a 
float within the vessel on which is mounted a stem 
with a rack gear. An engaging pinion revolves a flexi- 
ble shaft to carry the water level signal to a control 
cabinet, Fig. 37. 

The other type of dispensing unit employs a probe 
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Fig. 37—-Temperature-conductance sand tempering unit 
for batch mixer. 


which is placed within the tank. An electric current 
is passed through the probe and water or slurry. 
Within the control cabinet may be a resistance bal- 
ancing device to cause the water level to open and 
close the water inlet valve. Another model of this 
type passes a high frequency current through a rub- 
ber covered probe. The capacitance of the tank de- 
pends upon the height of water or slurry within the 
tank. When the liquid level reaches a point where 
capacitance of the water in the tank matches the 
capacitance of an adjustable condenser, the water or 
slurry solenoid valve is closed. 

Water or slurry dispensing units are available that 
will disperse chosen quantities of liquid to within 
+0.01 Ib of the desired weight. This makes for an 
accurate system for measuring water or slurry for a 
batch of sand. They can cycle faster than present-day 
sand mixers. 

The electrical moisture determinators employed in 
the present-day automatic sand tempering units are 
of two types, namely, conductance and capacitance. 
Both of these methods were described in a preceding 
paragraph. Two probes are used in the conductance 
method. The resistance of the sand is measured be- 
tween the two probes. The probes are placed vertic- 
ally in the batch hopper in Fig. 37. The sand between 
the probes is sampled for moisture content. The cur- 
rent flowing through the sand trips either one of four 
relays, which limits the amount of water that is 
measured out for each batch of sand. The greater the 
current flow the less the moisture. Each relay is 
equivalent to | per cent of moisture change when the 
sand is tempered to 4 per cent moisture. Thus the 
moisture determination unit measures either 1, 2, 3, 
or 4 per cent moisture. Each increment of moisture 
determination is thus equivalent to 1 per cent, allow- 
ing for a coarse moisture control. 

At the time of publication of this paper, an im- 
provement in this method was being incorporated. 
The four current relays were being replaced by a 
mechanism that responds to the current flow from 
the conductance moisture probes. This mechanism 
drives a wedge in or out of the sensing unit where 
moisture percentage and sand temperature are inte- 
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grated to cause proper amount of water to enter the 
water tank. 

The other method, employing a high frequency 
current, measures the capacitance of the entire sand 
mass in the batch hopper, Fig. 38. The high poten- 
tial probe is placed within the hopper, and the steel 
hopper shell is the ground. The sand grains, fines 
and clay within the hopper act as the air spaces or 
insulator of a condenser, while the water is its alumi- 
num plate. The amount of electrical energy that 
can be stored in the sand depends on the amount of 
water that is contained within it. 
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Fig. 38—Capacitance-temperature sand tempering unit 
for batch mixer. 


The electrical energy stored is measured in a 
bridge circuit. A millivolt meter connected across 
the bridge shows average moisture content of the 
sand in a hopper. 

One may place layers of sands of various moisture 
content within the hopper, and the capacitance read- 
ing will show the correct average moisture content. 
The moisture percentage readings are continuous 
throughout the range in increments of 0.1 per cent. 


Temperature-Conductance Tempering Unit. — A 
schematic diagram of the conductance type of auto- 
matic sand tempering unit is shown in Fig. 37. On 
the right hand side one may note the sand mixer, 
batch hopper with thermocouple, and two moisture 
probes. The water or slurry dispensing tank with 
the float is shown in the upper section of the diagram. 

On the left-hand side of the diagram is shown a 
brief outline of the control cabinet which integrates 
the temperature and moisture resistance signal into 
a float pesition that causes a measured amount of 
liquid to enter the sand mill. Four relays are shown 
in the lower left hand of the diagram. Each relay 
is set for a certain percentage of moisture. They in 
turn advance the lower reading hand of the indicator 
dial. As this hand is advanced, distance is decreased 
between it and the temperature hand, meaning less 
water in the dispensing tank. 

As the temperature hand rotates clockwise with 
temperature rise, a greater quantity of water is dis- 
pensed. Thus, each batch of sand receives a measured 
quantity of water that is determined by a mechanism 
in small increments of sand temperature and in four 
steps of moisture percentage. 
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Capacitance-Temperature Tempering Unit.—A pro- 
gressive idea in automatic tempering of sand is to 
think of the tempering water as consisting of two 
parts: 

(1) The base water that moistens the sand grains 
and clay substance of a sand, 

(2) the evaporation water that is lost by evapora- 
tion during the cooling, transportation and working 
of the sand. 

The amount of water that each requires can be 
accurately stated providing one has found the mois- 
ture content at which the sand is to be worked. The 
quantity of water required to bring a sand up to 
temper is the difference between the moisture con- 
tent of the return sand in the hopper and the chosen 
temper percentage. This difference can be readily 
expressed by a curve placed on a cam. A cam is 
employed for computing the amount that a condenser 
must be turned to give a certain capacitance value 
that will correspond to an exact required quantity 
of water in a dispensing tank. See Fig. 38. 

Similarly, the quantity of evaporation water can 
be computed from a moisture evaporation chart, Fig. 
35. A cam again can be employed to turn a conden- 
ser that will add to the capacitance required for base 
water, thus, storing in the dispenser tank the correct 
amount of water for both the base and evaporation 
water. 

The length of the lever arm actuating the conden- 
sers may be adjusted for changing relationship be- 
tween base and evaporation water. A knob on the 
high-frequency unit allows for quick adjustment of 
the moisture content of the tempered sand. The 


TABLE 4—AcTUAL MOISTURE CONTROL OBTAINED 
WITH AUTOMATIC SAND TEMPERING UNIT 








Incoming Temperature, Outgoing 
Test No. Moisture, % Moisture, % 
Morning Shift 
1 1.0 70 3.8 
2 0.6 70 3.9 
3 0.5 85 3.9 
4 0.5 115 3.8 
5 0.5 130 3.8 
6 0.35 170 3.9 
7 0.4 150 3.9 
8 0.45 110 3.8 
9 0.4 120 3.8 
10 0.35 155 3.8 
11 0.35 160 3.9 
12 0.4 165 3.8 
13 0.35 130 3.8 
14 0.35 150 3.8 
15 0.45 135 3.8 
Lunch 
16 0.5 130 3.8 
17 0.55 130 3.84 
18 0.45 145 3.8 
19 0.4 140 3.9 
20 0.4 158 3.9 
21 0.4 150 3.9 
22 0.35 160 3.9 
23 0.35 165 3.9 
Afternoon Shift 

24 0.35 155 3.8 
25 0.4 150 3.8— 
26 0.35 165 3.9 
27 0.4 145 3.84 
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electrical component of the system is balanced against 
a standardized meter. 

Moisture control is now available to foundrymen 
and is truly a distinct development in sand control, 
the most important improvement since sand testing 
was started in 1920. The accuracy of moisture control 
secured with automatic sand tempering is in the order 
of + 0.1 per cent reading. See Table 4 listing a series 
of moisture tests with no tests discarded. 


Variable Batch Size Automatic Sand Tempering.— 

The preceding paragraphs described the essential 
parts of an automatic sand tempering unit for sand 
mixing with batch hoppers. In this arrangement, 
a constant weight or volume of sand was a require- 
ment. The arrangement of an automatic sand temper- 
ing unit as shown in Fig. 39 is adaptable to sand 
mills where the quantity of sand varies from batch 
to batch. 
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BATCH SAND MIXER 
Fig. 39—Sand tempering unit for variable batch mixer. 


There are, thus, two methods of automatically tem- 
pering a batch of sand. One method is to have the 
automatic tempering equipment compute the amount 
of water or slurry that is necessary to bring the batch 
of sand in a mill up to the required moisture content. 
This we prefer to call “computing control.” In this 
method, all the water or slurry is dumped into 
the mill before, or together with, the sand saving 
speeding up the mixing cycle. 

The other method of automatic tempering is to 
have the water or slurry flow start a little ahead or at 
the same time as the sand is charged into the mill. 
The water or slurry flow decreases as sand nears 
temper. The flow is stopped when the sand reaches 
the desired moisture content. This method of auto- 
matic sand tempering point may be termed “end 
point” control. An end point control tempering con- 
sisting of a moisture probe and thermocouple 
mounted in a sand mill is shown in Fig. 39. This 
method is used where the sand is charged with a 
variable size batch of sand. 

The moisture probe is mounted on a sledge which 
is fastened to the plow arm of the sand mill. The 
outer shell of the mill is the ground for the capaci- 
tance circuit. The electrical signal leaves the mill 
through a commutator and a brush. The capacitance 
charge of the sand forms one leg of a bridge circuit. 
The unbalance of the bridge circuit is fed to an am- 
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plifier unit. The output of the amplifier unit causes 
a motor to rotate to bring the circuit back in balance. 
The motor also actuates an air supply device feeding 
air pressure to a throttling valve. The water throt- 
tling valve will open wide should the sand be dry. 
As the water tempers, flow decreases, and finally stops 
at a time when the moisture percentage reaches a 
set point. 

The cycling unit then opens the discharge door of 
the mill and next causes air cylinder and solenoid 
valve to perform the necessary operations for the next 
batch. This method may be described as end-point 
moisture control for batch mixers, 


Continuous Sand Tempering—Two types of sand 
preparation system units are in use. The sand prep- 
aration systems discussed in the preceding paragraphs 
were of the intermittent or batch type. A second 
type is the continuous sand tempering system where 
sand flows continuously through a continuous sand 
mill. 

An arrangement of a continuous sand tempering 
unit for such a sand system is schematically shown in 
Fig. 40. Here an end-point controller is employed 
with both the thermocouple and probe placed in the 
sand after it has passed through the mill. A propor- 
tioning throttling valve actuated by the moisture per- 
centage controller will raise and lower its valve stem 
regulating water flow so that the moisture content 
of the sand remains at the desired level. In this 
system, the sand volume may vary when the unit is 
equipped with a sand volume sensing device. 
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Fig. 40—Continuous sand tempering unit. 


The same system is in use where the moisture 
probe is placed ahead of the continuous mill. In this 
case, the throttling valve takes a position as deter- 
mined by the moisture and temperature of the incom- 
ing sand. 

Moisture Affects Hot Deformation.—The amount of 
moisture that a sand contains will change the hot 
deformation of a sand. The hot deformation of a 
sand may be defined as the amount of hot plasticity 
the sand possesses at temperatures above 220 F. The 
silica sand grains expand upon heating, causing an 
increase in size of each sand grain. This growth will 
cause rearrangement or movement within a rammed 
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mold face. The hot deformation should always exceed 
the expansion of the sand grains to allow for ample 
sand grain movement without causing mold wall 
fracture. 

A study of hot deformation must consider both the 
ultimate deformation and the rate of deformation. 
The ultimate deformation of a sand is the amount of 
plasticity at the time the sand collapsed due to the 
load applied. This value is useful in the study ‘of 
certain casting defects such as buckling and scabbing. 
The rate of deformation is the amount that a sand 
deforms for a given load, for example, | lb, or fre- 
quently it is expressed as the amount of deformation 
at a load of 50 lb. The sand expands at a certain 
rate, and the sand should have a rate of hot deforma- 
tion equal or greater than the rate of expansion. The 
rate of hot deformation is useful in the study of such 
defects as internal shrinkage. 





HOT COMPRESSION, 





Oll 021 035 
HOT DEFORMATION, IN//IN. 

Fig. 41—Hot deformation-hot strength diagrams as af- 

fected by moisture. 


The stress-strain diagrams in Fig. 41 are useful in 
illustrating the importance of considering the rate 
of deformation in addition to the ultimate deforma- 
tion. First, one may note that as moisture is increased 
for this particular sand, the ultimate hot deformation 
increases. Temperature of test was 2000 F. The sand 
is used for heavy iron castings in green sand molds. 

The rate of hot deformation as expressed by the 
amount of deformation at 50-psi load is as follows: 
at low moisture, 0.035 in.; at temper, 0.021 in.; and at 
high moisture, 0.011 in. Thus, the sand at low loads 
is more brittle as moisture increases. 


9. Aeration 


The finish on castings can be improved materially 
by proper aeration of the molding sand. The vent- 
ing of a mold can also be improved by aeration. For 
example, the green permeability of a sand from a 
muller not aerated measured 45. The same sand 


‘ aerated will show permeability measuring 50. Ram- 


ming a sand is no substitute for aeration. Aeration 
also materially improves the flowability of a sand. 
It breaks up the lumps which create false voids on 
the mold surface into which metal will flow increasing 
the cleaning room labor. The metal penetration 
problem can be greatly reduced by proper aeration 
of the sand, 

Aerators commonly used in the foundry may be 
classified as screening, combing and throwing types. 
The screening method of aeration is excellent for 
separating sand particles that cluster together. How- 
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ever, screening has the disadvantage of limited capac- 
ity, tonnage wise, for well bonded sand. 

The combing method consists of passing the sand 
into cutter blades rotating on a shaft or mounted on 
a belt. The principle is shown in Fig. 42. The cutter 
blades cause the sand to be passed under spring- 
loaded combs or wire brushes. The sand velocity of 
the cutter blades is sufficient to throw the sand; this 
action increases aeration. 
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Fig. 42—Aerator of the 
combing or cutter type. 


The throwing type of aerators allow the sand to 
fall on a high-speed rotating drum with projections 
that will cause it to be thrown through the air within 
an enclosure striking bars on an inclined metal plate. 
Figure 43 illustrates this type of aerator. 


Fig. 43—Aerator of the 
throwing type. 





Another modification of the throwing type of 
aerator is the revolving drum that picks up the sand 
from a conveyor belt and throws it through the air 
within an enclosure. Of this general type are also the 
power-driven floor sand cutting units in general use 
in the floor foundries. 

The overall functions of an aerator are to separate 
the clustered sand grains, cool the sand to a limited 
extent and improve the mixing. 


10. Ramming 

A foundryman enjoys working with a molding sand 
that rams nicely. There are three criteria that indi- 
cate whether a sand rams well: The first is whether it 
rams firmly against the pattern and into restricted 
pockets without showing any open voids that are 
larger than the sand grains will normally form. This 
property of a sand is termed flowability. The second 
attribute of a nice ramming sand is that it will ram 
easily to a good load supporting mold hardness in 
restricted pockets. This property is termed ramma- 
bility. 

Flowability and rammability are two distinct prop- 
erties and are so recognized by AFS Sand Committees. 

Certain strong sands will ram to a high mold hard- 
ness but may show some very large open pockets or 
false voids. This type of sand possesses low flow- 
ability and good rammability.‘* Low flowability 
allows molten metal to flow into these false voids or 
open pockets of the mold surface, causing roughness 
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on the casting surface. It may also induce metal 
penetration or start burn-on. Sand that contains 
lumps has poor flowability and causes much trouble 
which should be charged to lack of proper aeration. 

Sands with low rammability will have a low mold 
hardness resulting in the following: 

1. Presence of swells on the casting surface, 

2. receding mold walls causing increase in the cast- 
ing thickness, or weight, 

3. inability to hold core prints in place, thus allow- 
ing core to raise, 

4. insufficient sand strength and deformation of the 
mold wall at the various temperature ranges result- 
ing in roughness and dirt inclusions. 

A third attribute of a nice ramming sand is its 
ability to lift freely from the pattern. Sand grains 
sticking to the pattern cause rough finish. Sands with 
low deformation are prone to lift poorly and leave 
sand grains on the pattern. Moisture condensation 
on the pattern surface which is at a lower temperature 
than the sand will also inhibit sticking. The remedy 
is either better sand cooling or heating the pattern. 


Flowability Control—The measurement of the flow- 
ability property of molding sands is under much dis- 
cussion. When one adheres to the AFS definition of 
flowability and uses the visual inspection and evalu- 
ation as proposed by the AFS Flowability Committee 
as a guide, then fair correlation is had between Hoff- 
man, Fairfield and Dietert test readings. 

The sand properties that are useful in controlling 
the flowability of a sand may be illustrated by graphs. 
Figure 44 is an example. In case of butt ramming, a 
change in the moisture of the sand will alter the flow- 
ability of a sand. At low and at high moisture, the 
sand will possess higher flowability than it does at 
the temper moisture content. The clay substance 
swells most at or near temper. This probably accounts 
for the reduction in flowability at the near temper 
point. 
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Fig. 44—Flowability of a sand when butt rammed changes 
with moisture, strength, fineness and deformation. 


The flowability of a sand decreases appreciably as 
the green strength of the sand is increased as shown 
in Fig. 44. 

The coarser sand grains have a lower flowability 
than do the finer grains (Fig. 44). This is undoubt- 
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edly due to the greater force necessary to rearrange 
the larger sand grains. The smaller sand grains flow 
together more readily. 

The flowability of a sand decreases with an increase 
in green deformation as is illustrated in Fig. 44. 

The flowability of a sand may be controlled by 
exercising control of moisture, green strength, defor- 
mation, and composition of the sand mix. 


Rammability Control—The manner of measuring 
the rammability centers around the hardness to which 
a sand rams in a mold. Using our present-day know- 
ledge of the subject, mold hardness readings will be 
used as the index in the following discussion to illus- 
trate how rammability of a sand is affected by change 
in other sand properties. 

A good way to show how the mold hardness, i.e. 
rammability, will change is to determine how much 
squeeze pressure will be required to ram a mold sur- 
face that is 514 in. away from the squeeze board to 
a hardness of 75. 
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Fig. 45—Percentage of moisture affects the squeeze 
pressure required to obtain 75 mold hardness. 


Using this method, a graph shown in Fig. 45 is 
obtained, which shows that as the moisture of a west- 
ern bentonite bonded sand increases, the required 
squeeze pressure increases from 21 to 47 psi with a 
moisture change from 3 to 5 per cent. An increase 
in moisture in the sand under constant squeeze will 
result in a decrease in mold hardness. Moisture of a 
sand should be held within 0.1 per cent to secure good 
rammability control. 
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Fig. 46—Green strength of molding sand affects squeeze 
pressure required to obtain 75 mold hardness. 


The graph in Fig. 46 shows that the squeeze pres- 
sure required to secure 75 mold hardness is decreased 
as the green strength increases. This is perhaps con- 
trary to what many may expect. However, high green 
strength means high hardness in case of butt ram- 
ming. The two go together. Rammability control 
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requires close green strength control—a good toler- 
ance would be 0.25 psi. 

The toughness of a sand may be expressed in green 
deformation values. The graph in Fig. 47 reveals 
that, as the sand becomes tougher with an increase 
in green deformation, the squeeze pressure required 
to ram the sand to 75 hardness increases rapidly. 
Thus, the control of rammability requires a close 
control on the green deformation, preferably within 
0.002 in. 
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Fig. 47—Green deformation of a sand affects squeeze 
pressure required to obtain 75 mold hardness. 


Methods of Ramming.—Molding sand may be 
rammed by four basic methods, namely, butt ram- 
ming, squeeze ramming, jolt ramming, and impact 
ramming. 

Molding sands do not ram the same with respect 
to flowability and rammability under the four differ- 
ent methods of ramming. A few examples will be 
given, 

Butt ramming is one of the older methods, and the 
manner in which a sand will ram under this method 
is shown in Fig. 48. With a constant butt ram, the 
mold hardness increases as the green strength in- 
creases. This will improve the casting finish. 
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Fig. 48—Green strength of a sand increases mold hard- 
ness under constant butt ramming. 


The relationship between hardness and strength 
for squeeze ramming is illustrated in Fig. 49. Em- 
ploying a constant squeeze pressure of 50 psi, it may 
be noted that the mold hardness increases up to a 
maximum of 73 at 11.1 psi strength and then recedes 
as the sand becomes too strong to ram in the 6-in. 
diam flask used in test. The green strength at which 
maximum mold hardness is obtained varies with 
pocket sizes in the mold, into which the sand must 
ram, and the bond employed. The optimum strength 
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Fig. 49—Green strength of a sand affects mold hardness, 
casting roughness and casting weight under constant 
squeeze pressure. 


for squeeze ramming deserves and requires further 
study. 

The test casting weight before roughness of surface 
is removed and the visual casting roughness values 
are shown in Fig. 49. This demonstrates the advis- 
ability of good green strength control. The squeeze 
pressure should be increased beyond 50 psi for high 
strength sands. 

Allowing the moisture in a sand to fluctuate, 
changes the mold hardness, casting weight and the 
casting roughness as illustrated in Fig. 50. 
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Fig. 5}0—Moisture content of a sand affects mold hardness, 
casting roughness and casting weight under constant 
squeeze pressure. 


The mold hardness reaches a maximum for a par- 
ticular sand at a moisture content near temper. As 
the moisture content increases beyond temper the 
mold hardness decreases, showing that the 50-psi 
squeeze pressure is insufficient. The casting rough- 
ness and casting weight before grinding increases 
with moisture. Good moisture control is required 
to obtain good casting finish and control of casting 
weight. 

An increase in the toughness (green deformation) 
of the sand under constant squeeze ramming will 
increase both the casting weight before grinding and 
the casting roughness, Fig. 51. The mold hardness 
reaches a maximum for the particular sand under 
study at 0.0155 in. deformation and decreases with 
an increase in deformation. 

The mold hardness of a sand, when rammed by 
jolting, increases rapidly as the number of jolts is 
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Fig. 51—Green deformation of a sand affects casting 
weight, casting roughness and mold hardness under con- 
stant squeeze pressure. 


increased as illustrated in Fig. 52.19 The casting sur- 
face improves with jolting. The number of jolts re- 
quired to secure the optimum finish varies with 
different sands. Some reach this optimum finish with 
fewer jolts, some may be over-jolted. This results in 
a deterioration of the casting finish.?® 
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Fig. 52—Mold hardness and casting roughness responds 
to number of jolts. 


Impact method of ramming causes the sand to be 
accelerated to a high velocity. The kinetic energy of 
the sand, as it is suddenly stopped against the pattern 
surface, causes it to be packed. The kinetic energy is 
a function of velocity and mass. The higher the 
velocity or the density of the sand, the greater the 
mold hardness. There are two methods employed 
today to ram the sand by impact ramming. The sand 
slinger imparts velocity to the sand by allowing it 
to fall into buckets mounted on a high speed drum. 
The other method employs the blower, where the 
sand is picked up by a sudden gust of air, carried at 
high velocity into the box, and suddenly stopped 
while the air escapes through vents, 

The examples cited should serve to emphasize the 
importance of controlling the moisture, fineness, 
green strength and deformation of a sand to secure 
control of its flowability and rammability in a mold. 
Mold control goes further than just constant ramming. 

High-Pressure Ramming.—Work is under way in 
high-pressure ramming in an endeavor to make molds 
that will produce castings with very smooth surfaces 
and with accurate dimensions so that all, or part, of 
the machining may be eliminated. High casting con- 
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tour accuracy will also allow for faster chucking. 
It is, therefore, fitting to have information as to the 
way in which high-pressure ramming affects some of 
the important sand properties.!* 

The purpose of high-pressure ramming is to cause 
the molding sand to form a mold surface that will 
carry a relatively high load of molten metal without 
yielding. Mold hardness is a good measure of this 
property. As the pressure of squeeze ramming is in- 
creased from the normal 50 psi to values up to 500 psi, 
the mold hardness of a mold increases rapidly at first 
as shown in Fig. 53. As the ramming load is increased 
above 100 psi the rate of mold hardness increase be- 
gins to decrease gradually. 
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Fig. 53—Green properties of sand are affected by high 
pressure ramming. 


Much can be learned from Fig. 53 concerning the 
effect of high-pressure ramming on the green proper- 
ties. This is illustrative for most types of molding 
sands. The green permeability of the sand decreases 
rapidly as the pressure is increased up to squeeze 
pressures such as 200 psi, after which the permeability 
decreases slowly. Thus, at very high pressures of 
molding, the sand still possesses venting power. 

The green compressive strength of a sand increases 
rapidly as ramming loads are increased. For high 
pressure molding, very low percentages of bond, such 
as plastic, resins, pitch or bentonite, may be used. 

The density of a sand increases rapidly at low 
ramming energy and begins to reach a maximum 
density at a ramming pressure below 400 psi. The 
green deformation of a sand, which measures the 
degree of plasticity, is not changed over a wide range 
as the ramming energy is increased to the high press- 
ure range. It is not known why a molding sand re- 
tains a relatively uniform green deformation as the 
ramming load is increased to the high values. This 
phenomenon should help to cause high pressure molds 
to produce good castings. 

Both the air-set and dry compressive strength in- 
creases at an increasing rate as ramming pressure 
illustrated in Fig. 54. 
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Fig. 54—Air-set and dry strength increases with an in- 
crease in squeeze pressure. 


The hot strength of a sand at 500 to 2000 F in- 
creases at an increasing rate as ramming pressure 
increases up to 500 psi, Fig. 55. The hot strength at 
2500 F is not affected by ramming pressure unless the 
bond in the sand does not soften at that temperature. 
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Fig. 55—Hot strength at various temperatures as affected 
by high pressure ramming. 


A mold surface should possess some degree of hot 
plasticity or hot deformation at various high temper- 
atures. Figure 56 illustrates that the hot deformation 
of sands up to 1500 F usually increases slowly with an 
increase of ramming. The hot deformation at 2000 F 
and higher temperatures usually decreases with an 
increase of ramming loads. 
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Fig. 56—Hot deformation at various temperatures as 
affected by high pressure ramming. 


The mold hardness of a sand increases with an in- 
crease in squeeze ramming pressure. The rate of 
increase is greatest for the first 100 psi ramming 
pressure. 


11. Mold Wall 


The walls of a mold are not necessarily immovable 
when the load of molten metal is retained within 
a mold. The mold wall may also move due to the 
expansion of the sand grains, thus placing a compres- 
sive load on the sand near the mold surface. 






COMPRESSIVE STRENG 





DEFORMATION, 0.001 IN. 
Fig. 57—Stress-strain diagrams of sands A and B. 


Mold Wall Movement.—A study of sand movement 
may be easily undertaken by viewing the stress-strain 
diagram in Fig. 57, showing the rate of green sand 
deformation as the sand is loaded in compression. 
Looking at the ultimate green deformation of the 
sands A and B, it may be noted that sand A deforms 
0.018 in. at a load of 11.85 psi, while sand B deforms 
0.031 in. under a load of 12.15 psi. Molds made with 
sand A will deform 0.018 in. while sand B will deform 
0.031 in. under a load substantially 12 psi. The mold 
cavity for sand B will therefore enlarge much more 
than the mold cavity for sand A, when loaded with 
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molten metal. Cross sections of lead castings made 
in molds A and B are shown in Fig. 58. Casting B 
shows a much greater degree of piping and greater 
weight due to the fact that the mold cavity with sand 
B was increasing at the time the gate froze. This 
resulted in insufficient metal to fill the enlarged mold, 
which held more molten metal at the time of pouring, 
causing greater weight. 


Fig. 58—Cross section of 
green sand lead castings 
made in sands A and B. 
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The soundness of castings at sections where metal 
solidifies last may be improved by providing more 
rigid mold walls through the use of sands having 
lower green deformation. 


Metal Entering Mold Wall.— 

a. Silica flour will reduce metal penetration and 
burn-on when added to sand of medium grain size. 
It will not prove beneficial when added to coarse 
sands?°. 

b. Reduction in grain size is beneficial in reducing 
metal penetration and burn-on. A reduction of grain 
size is usually accompanied by a reduction of the B 
sintering point. 

c. The degree of metal penetration or burn-on 
defect can be reduced or eliminated by the addition 
of cereal binders. 

d. Metal penetration increases with ferrostatic 
pressure. 

e. Metal penetration may be eliminated by using 
zircon base sand. 

Insufficient ramming frequently causes metal pene- 
tration into the mold surface due to the fact that 
the sand grains are not packed together. Sands that 
are lumpy and not aerated will possess very low 
flowability producing a mold wall that has many large 
voids into which metal enters the mold wall. 


12. Heat Absorption by Mold 


Considering molding sand an insulator would be 
an error. It is better to think of molding sand as a 
material that will carry off a considerable amount 
of heat from a casting. 

Our interest in the heat flow into the mold surface 
should be twofold: to know the amount of heat 
that can be extracted from the hot metal, and how 
uniformly the mold surface will heat up with respect 
to distance from the mold surface. 
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First, consider the amount of heat that a mold 
surface may withdraw from the hot metal. This is 
expressed as thermal conductivity or as the amount 
of heat in Btu which will flow in 1 hr through a 
square foot of mold area, when the temperature gra- 
dient is 1° F per in. of thickness of sand mold surface. 

Heat Conductivity—The heat flow from the hot 
metal into the mold surface increases with grain size 
of the sand increasing mold hardness, temperature 
and/or the density of the sand. 

The greater the size of the sand grain the higher 
will be the density of a rammed mold surface with 
a resultant greater heat flow. 

The higher the mold hardness the greater the 
density for a given sand with a resultant greater heat 
flow. 

The thermal heat conductivity of a washed and 
dried rounded silica grain sand bonded with 4 per 
cent of western bentonite is illustrated in Fig. 59. 
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Fig. 59—Heat conductivity of sand as affected by density. 


The thermal conductivity increases rapidly as the 
temperature increases, for example, at 1800 F and at 
80 Ib per cu ft density the heat flow is 4.8 Btu and 
at 2000 F this same sand will carry off 6.9 Btu. 

The density of the mold surface, as measured in 
pounds per sq ft in Fig. 59, has a marked influence 
on the heat flow into the sand. For example, choose 
a temperature level of 2500 F and note that at 80 
lb per sq ft density, the heat flow is 6.9 Btu. The 
heat flow is almost doubled to 13.4 when the density 
of the sand is increased to 100 Ib per cu ft. The 
density of a sand could change this amount in the 
foundry by a change in the mold hardness, the grain 
size, or by a change to a different sand grain compo- 
sition. 
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The Heating-Up of Sand.—The heat flowing into 
the mold will cause the sand layers adjacent to the 
mold surface to heat to different temperatures. Should 
the heat concentrate in the first layers of the mold 
surface, these layers of sand would expand rapidly 
and tend to tear off the next adjacent layer, which is 
at a much lower temperature. One way this can 
happen is by having a high percentage of- moisture 
condense in the second layer of the mold surface. 
Condensation would hold the temperature of the 
second sand layer to 212 F, until the condensed 
steam is again evaporated by additional heat flow. 

The rate at which the sand layer 4 in. from the 
mold surface increases in temperature has_ been 
measured with thermocouples, A reducing atmos- 
phere, such as created by sea coal, retards the tem- 
perature rise, while an oxidizing atmosphere increases 
the temperature, particularly at the early heating 
up. The higher the permeability of the mold surface, 
the faster will the sand heat up. An increase in mold 
hardness also increases the rate at which a sand layer 
4 in. from the mold surface will heat up. 

The mold atmosphere has a marked influence on 
the heat generated within the sand. It also influences 
the metal penetration into the mold surface". 


13. Shakeout 


The amount of effort required to shakeout a mold 
costs foundrymen too much money. A reduction in 
the shakeout effort offers a means of reducing cost. 
Flask life is shortened by having to apply excessive 
shakeout effort to remove the sand. Regardless of 
whether the shakeout energy is applied by a motor 
or a laborer, the time element of the shakeout opera- 
tion represents money. High shakeout effort also 
means a large amount of hard sand lumps, which 
may in turn result in a high sand refuse. This in- 
creases the amount of new sand to be purchased. 

Retained Strength.—High shakeout effort is caused 
by our present practice of processing sands with an 
excess retained strength. This has its beginning in 
an excess dry strength. The majority of foundries 
use sand with a dry strength in excess of 100 psi, 
which is seldom required. Working molding sands so 
that the dry strength varies between 60 to 80 psi for 
steel, 40 to 60 psi for iron, and 20 to 40 psi for light 
metal and brasses, represents good practice and will 
reduce the retained strength sufficiently to noticeably 
reduce shakeout effort. 

Materials that may be used to reduce the retained 
strength of western bentonite bonded sands are addi- 
tions of southern bentonite, cellulose material, and 
sea coal. 

Sands bonded with fireclay may have their dry 
strength reduced by adding cellulose material, wood 
flour and sea coal. 

For natural-bonded sands additives such as cellulose 
material, wood flour and sea coal are dry strength 
reducing. 

The working of molding sands with excess moisture 
will cause high retained strength with a resultant 
high shakeout effort. 

Additives which reduce retained strength should 
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be definitely used with high green strength sands. 

The spacing of bars in flasks will have much to do 
with shakeout effort. A careful study of all flask 
designs should be made relative to shakeout effort. 
A study should also be undertaken to determine 
whether the number of rods in use can be reduced. 


14. Reclamation 


A number of foundries have definitely proven that 
molding sand may be reclaimed and that the process 
is profitable dollarwise without detrimental effects on 
the casting surface??. It must be recognized that many 
foundries make a practice of only partly reclaiming 
used molding sand and generally use up to 80 per cent 
of the partly reclaimed sand in their facing sand mix. 
The sand reclamation under discussion here is not 
partial but one which is complete, restoring the sand 
to its original condition with the possible exception 
of color due to iron stains. The goal of making the 
reclaimed sand work as well as the new sand has 
been reached. 

The savings that may be made with a sand re- 
clamation system are generally found in the following: 

1. Cost of new sand displaced by reclaimed sand, 
. reduction of investment in new sand inventory, 
. reduction of investment in new sand storage, 

. Saving in disposal cost of used sand, 
. Saving in space, 

6. uniform sand inventory during all seasons of 
the year, 

7. less railroad siding required. 

These savings must be sufficient to offset the operat- 
ing cost of a reclamation sand system, pay interest 
on the total investment in the reclamation system 
and amortize the principal of investment in a chosen 
number of years. 

For a preliminary cost study the cost of reclaimed 
sand placed in a dry sand bin at the sand prepara- 
tion station may be taken as not more than $2.00 per 
ton. 

A sand reclamation sand system should be able to 
meet the following requirements: 

1. Remove magnetic material, 

2. remove all lumps and tramp material, 

3. remove dehydrated and active clay substance so 
that not more than 0.4 per cent of AFS clay substance 
remains, 

4. remove the inert and organic materials, (com- 
bustible material should be less than 0.4 per cent) , 

5. grain distribution of reclaimed sand should meet 
the same specifications as new purchased sand, 

6. the fines removal should be uniform within a 
tolerance of +10 per cent, 

7. the coating on the sand is to be uniformly 
removed, 

8. the reclaimed sand is to work equal to or better 
than the new sand, 

9. the appearance of castings made in all reclaimed 
sand is to be equal to or better than castings made in 
the new sand, 

10. the moisture content of the reclaimed sand shall 
be of sufficient uniformity so that it may be as easily 
tempered as the original sand. 
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Reclamation Systems.—The major parts of a sand 
reclamation system are the scrubber, furnace and 
classifying units. 

There are two types of scrubbers in use, one floats 
the sand in water, and the other in air. The water- 
sand scrubber consists of a vessel containing sand 
and water in about equal parts. A motor-driven im- 
peller imparts to water and sand a rapid circular and 
upward movement, causing the sand grains to impact 
each other repeatedly which removes the coating. 

The air-sand scrubber works on the same principle. 
The sand is entrapped in a high velocity stream of 
air causing the grains to scrub against each other. 

Another type uses a furnace to burn the organic 
coating off the sand grains by heating them to 1500 
F in an oxidizing atmosphere. When the thermal 
removal of sand coating is used, the furnace follows 
a water-sand scrubber in reclaiming molding sand. 

Two types of classifiers are generally used, either 
a water or air unit. Both work on the “hindered 
settling’ principle to separate the fines from the 
normal sand grains desired. 

The classifier that uses water allows the sand grains 
to settle through a column of water flowing upward 
at a chosen rate. The fines are discharged over an 
adjustable weir, The classifier that employs air works 
on the same principle, whereby the desired sand 
grains fall downward through the column of a high- 
velocity air stream. Governing the rate of air flow 
will enable proper grading. 

Sand reclamation systems may be classified into 
three types: 

1. Dry method, 
2. wet method, 
3. wet-thermal method. 
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Fig. 60—Dry reclamation system. 
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A dry reclamation method is schematically illus- 
trated in Fig. 60. The sand first passes over a magnetic 
pulley to remove magnetic scrap. It then enters a 
breaker screen to break up lumps. The lumps that 
are left may be discarded or passed through a crusher. 
The sand that passes through the breaker screen is 
placed on a scalping screen to remove any unde- 
sirable coarse material. It next enters the air-sand 
scrubber unit where the sand grains are repeatedly 
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picked up and impacted against each other to scrub off 
the coating. The sand grains in agitation travel to an 
outlet that discharges them into an air separator 
where the fines are removed from the air. 
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Fig. 61—Wet reclamation system. 


The schematic illustration in Fig. 61 shows an 
arrangement of a wet reclamation method. The flow 
sheet for a system employing wet scrubbing is as 
follows: The sand first passes over a magnetic pulley, 
next through a breaker screen and then through a 
scalping screen. The purpose of each unit is identical 
as explained in the preceding paragraph. The sand 
that passes through the scalping screen enters a water- 
sand scrubber. The circular and upward movement of 
the sand and water causes the scrubber sand to flow 
out through a top outlet. A sand pump then delivers 
the scrubbed sand to a water type classifier. The fines 
are discharged through a top outlet, while the chosen 
sand grains travel downward and enter a bin, from 
where they flow into a vacuum dewatering unit which 
removes the greater part of the water. The reclaimed 
sand is dried in a rotating drum drier. The waste 
water disposal requires careful consideration should 
the plant be located in a city, in which case the 
solids should first be removed from the waste water 
to a degree satisfactory to the proper authority. 

A wet-thermal reclamation method is shown in 
Fig. 62. In this system the sand is first treated the 
same as in the wet method described previously. The 
flow sheet is thus: magnetic pulley, breaker screen, 
scalping screen, water-sand scrubber, air type classi- 
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fier, a second water-sand scrubber, a second sand pump 
that delivers the sand to a dewatering unit. The de- 
watered sand then enters the top of a furnace that 
burns the combustible material off the sand grains. 
The hot sand enters a drum-type air cooler.- The 
double scrubbing and burning of combustible ma- 
terials produces a reclaimed sand with an appearance 
almost like the original sand. 

The degree of scrubbing may be selected with any 
of the three methods of reclamation by selecting the 
number of scrubbers to be employed. This depends 
largely upon whether the reclaimed sand is to be used 
only for molding or for both molding or core sand. 
The latter method of operation requires the greatest 
degree of scrubbing, particularly so if liquid core 
binders are used. 


15. Sand Storage 


The storage of foundry sands, particularly those 
that are clay free or relatively so and dry, should 
receive special attention. Such sands may be defined 
as sharp sands and when dry, exhibit great tendencies 
to have grains segregate, that is, classify themselves 
into a new grouping, to such an extent that the sand 
will have entirely different properties. 

This classification or regrouping of sand grains 
of various sizes will not be a constant factor but a 
variable one, depending on factors such as (1) bin 
size, (2) location of exit chute, (3) sand level in bin, 
and (4) change in moisture content. 


TABLE 5—ScREEN ANALYsIS Or SAND IN STORAGE2® 











Sieve Sand Loaded Sand Removed 
No. Into Bin, % From Bin, % 
6 0 0 
12 0 0 
20 T By 
30 0.6 1.6 
40 19.0 44.8 
50 39.0 39.8 
70 27.6 11.8 
100 12.4 2.6 
140 1.6 T 
200 0.4 T 
270 T 0 
Pan T 0 
AFS Fineness No. 46 37 
Distribution 4 3 
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Fig. 62—Wet-thermal 
reclamation system. 
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Both the grain fineness and grain distribution may 


change. A good illustration is shown in Table 5*°. 

The fineness of sand placed in the bin is shown in 
the left-hand column while the fineness of sand re- 
moved from a chute is shown in the right-hand 
column. The sand loaded into the rectangular bin 
has an AFS average fineness of 46 while the sand 
coming out of the chute has a fineness number of 37. 
The fineness of sand coming out of the chute will 
change as the level of the sand changes in the bin. 

The change in grain fineness and distribution as 
illustrated will be sufficient to make a marked change 
in the way a sand will ram in a mold, behave at 
elevated temperatures and will also change casting 
quality. 

Taking steps to eliminate sharp sand classification 
in storage will answer many unexplained mold 
variations in the foundry. 

A method of storage that has eliminated classifica- 
tion of dry sharp sand was developed by the Lynch- 
burg Foundry Co. and is illustrated in Fig. 63. 
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Fig. 63—*Method of storing 
foundry sand to prevent 
classification. 






1 CYLINDRICAL 
SHELL 


: De 


CIRCULAR 
ORIFICE 











A cylindrical silo is employed with a conical bot- 
tom. The pitch of the cone is 37 degrees above the 
horizontal, This exceeds the angle of repose of sharp 
sand which is 32 degrees. Within the conical bottom 
is a circular slot or orifice running completely around 
and so located that the area of the cone inside of the 
circular slot is equal to the area of the cone around 
the outside of the circular slot or orifice. The width 
of the circular slot in the case of the silo referred to 
is 4 in. The width of slot is dependent upon the rate 
at which sand is to be removed from the silo. It may 
be greater than 14 in. without affecting the declassi- 
fication. Silos of this design must have sufficient 
capacity to insure that one always has sand at a level 
above that determined by a 75-degree angle from the 
circular slot. Sand under load flows at an angle 
slightly less than 75 degrees. In order to obtain proper 
feed down, which avoids classification, the sand in a 
silo must be at a height above the referred to angle. 
Foundrymen should avail themselves of this excellent 
development. 
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16. Summary 

The foundry has much to gain by improving 
methods employed in processing molding sand. A 
study will reveal that advancements can be made by 
better sand processing which will improve the casting 
quality and lower the total cost. Efficient sand hand- 
ling also opens a good cost-saving avenue. A much 
greater tonnage of sand than of any other material 
is handled daily in a foundry. 

1. In the past a foundryman had only one type 
of sand grain to work with, namely silica. Today, a 
foundryman should be well versed in the correct ap- 
plication of a number of different base molding sands 
such as zircon, chamotte, olivine and possibly mullite 
or others. The foundry industry is ready for more 
improved molding sands. 

2. The surface finish of castings can be materially 
improved with lower cleaning room cost by correct 
use of, for example, a zircon-base sand. The health of 
the workers may be improved through the use of 
olivine or an alumina flour in certain sand mixtures 
requiring fines as an additive. 

3. The science of sand blending is beginning to un- 
fold itself. To obtain efficient venting from fine sands 
one -‘must understand the permeability-blending 
curves. For example: 

a. It will take more than 30 per cent coarse sand 

to increase permeability. 

b. A 10 per cent addition of fine sand grain will 

reduce permeability sharply, as much as 50 per cent 

at times. 

c. Fine sand grains have more power over perme- 

ability than coarse grains. 

d. 70 per cent of fine sand grains will have absolute 

control over permeability. 

4. Round sand grains have at least 20 per cent 
greater permeability than angular grains. 

5. Angular sand grain has greater strength for a 
given bond than round grain in the case of molding 
sand, whereas in the case of a core sand the reverse 
is true. 

6. The narrower the grain distribution spread of 
a sand, the greater the permeability for a given 
average fineness. However, the narrower the grain 
distribution spread, the greater the spalling tenden- 
cies and the greater the ramming energy required, 
according to present-day knowledge. 

7. A popular grain distribution of the present time 
is the 4-screen distribution sand where 90 per cent 
of the sand grains are retained on four adjacent sieves. 
At least 10 per cent must be retained on a sieve to 
count as one screen. Less than 10 per cent is counted 
as one-half screen. 

8. The practice of keeping control of fines (200-270- 
Pan) in a molding sand is to be encouraged. Quality 
control has shown that percentage of fines correlates 
with casting loss and the way in which a sand works. 

9. Casting quality, particularly of iron castings, can 
be improved with cellulose-type cushioning materials 
to aid in elimination of scabs, buckles, rat-tails and 
some roughness on casting surface. 
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10. The recent advancement in facing materials 
such as dustless sea coal, dustless pitch and emulsified 
asphaltic materials is to be encouraged. These inno- 
vations point to further improvement in cleaning up 
our plants, in reducing cleaning room labor and im- 
proving the surface finish of castings. 

11. Fines have excellent bonding value at elevated 
temperatures and are a necessary part of a molding 
sand. Search should be made for other types of fines 
in addition to silica. Aluminum silicate, where the 
silica is combined with other elements, offers much 
promise. 

12. Cereal binders are playing a useful part in the 
processing of molding sand, particularly in sands for 
steel castings. They impart strength throughout much 
of the low temperature range, through which a sand 
is worked. At high temperature the hot strength may 
be increased with dextrine types. 

13. Early European sand testing was directed 
toward chemical analysis, while in the States it was 
directed towards mechanical property tests. The 
author feels that the approach used in the States 
was the better for a beginning. However, our present 
knowledge of sand is definitely limited by a lack of 
chemical knowledge. We must now pick up the 
chemistry of sand and find how it should be applied 
in foundry practice. One application of the chemistry 
of sand is the pH determination and control as prac- 
ticed in a number of steel foundries. It is not amiss 
to state that in all probability a chemical or chemicals 
will be added to our sands to secure control over 
items such as dry, hot and retained strength, and 
others. 

14. Many foundries are processing their sands so 
that undesirably high values for dry, hot and retained 
strength are obtained. 

15. The hot deformation of a molding sand is 
the degree of sand or mold surface plasticity when 
heated. It imparts to the sand a degree of pliability 
that will accommodate the growth of sand grains 
when heated. One should know that sands even at 
such relatively low temperatures as 500 and 1000 F 
have hot deformation. One must not look upon a 
dried, hot mold surface as an immovable wall. The 
amount of movement is small; but under load, the 
wall does move, and the amount is measured as hot 
deformation. 


16. Most sands possess insufficient hot deformation 
to accommodate the sand grain growth upon heating, 
except at temperatures above 2200 F. Most mold wall 
fractures occur at temperatures much below 2200 F, 
for example near 1200 F. 

17. Cushioning materials are the most effective 
present-day tools to impart sufficient hot deformation 
to molding sands. Incidentally, one can give iron 
oxide that honor in core sands. 

18. Blending and selection of bonds together with 
possible chemical additives are other tools for hot 
deformation control. 

19. The addition of bentonites and clay bonds to 
sands in the form of slurry allows for a reduction of 
the mixing time of molding sand in addition to a 
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reduction in percentage of bond required. These 
advantages must be weighed against cost and opera- 
tion of additional slurry equipment. 

20. Granular bentonite ushers in the era of dust- 
less bentonite in the foundry. It is used in both the 
slurry and dry bond addition method. 

21. The quality of molding sand has suffered from 
the ever-present increasing sand tonnage schedule ex- 
perienced in many foundries. Less time is given to 
the mixing of the sand. This certainly does not re- 
flect favorably on the foundry industry where better 
castings is the vogue. Why better castings? To sell 
more castings. A deficiency in casting quality will de- 
finitely spell a deficiency in casting sales. The answer 
is in providing the foundry with a well-equipped 
sand-preparation unit of ample capacity. 

22. Sand and mold control is possible only when 
the sand is tempered at a definite moisture and held 
there. With moisture varying, all other mechanical 
properties of a sand and mold will vary. 

23. The advent of automatic or mechanical sand 
tempering units will do much toward positive sand 
and mold control. Units now available will temper 
sand within +0.1 per cent moisture reading, when 
working with a good sand system. 

24. Two methods of automatically tempering sand 
have been developed. The first method employs a 
unit that adds water to a sand until the sand reaches 
a chosen green deformation. This method requires 
at least 2 to 3 minutes and is not used in industry 
at present. A second method employs water addition 
in relation to sand temperature and moisture content. 
Such units are available and in use. 

25. The subject of ramming molds is in the lime- 
light. The scientific knowledge of sand ramming is 
ever increasing through research and foundry study. 
The use of automatic molding units will tend to 
accelerate our study of sand ramming. 

26. The accuracy of casting contour must be im- 
proved to enable easier and safer high speed chucking 
of castings. This the foundry must accomplish to 
keep in step with the fast progress of the machine 
shop. 

27. Our present-day ramming level which may be 
expressed as a 50-psi squeeze is not conducive to 
accuracy of contour. We are definitely in a low ram- 
ming range at present. Castings requiring high accur- 
acy of contour will possibly be made in hard green 
sand molds which will be rammed with squeeze 
pressures in the range between 100 to 200 psi. This 
will bring in the hard green sand molds which some 
may call high-pressure molded. The author prefers 
to reserve high pressure terminology to molds rammed 
between 200 to 400 psi using fine ceramic or zircon 
molding sands. The hard green sand mold will prob- 
ably use special silica molding sand, bonded, for 
example, with bitumens and bentonite. 

28. Having a quality product as the goal, foundries 
must process their sand to a high quality. This is 
possible only by cooling the sand to a temperature 
below 110 F before the sand enters the mold, Efficient 
cooling equipment should be included in a sand 
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system. The purchase order for cooling equipment 
should always carry in the specifications the tonnage 
of sand to be cooled and specify a given outlet sand 
temperature. 

29. The aeration of molding sand increases the 
permeability of the rammed sand. Ramming does not 
eliminate aeration. Finer sands can be used when 
aerated than when sand is not aerated. This is a means 
of improving casting surface. High quality casting 
programs dictate that aerated sand be delivered to 
the molders. 

30. Castings with greater accuracy in surface con- 
tour may be obtained by processing sand so that it 
will have maximum rammability. With maximum 
rammability a sand will ram to a high mold hardness 
for a given ramming energy. 

Maximum rammability under squeeze ramming is 
obtained by: 

1. tempering the sand to lowest workable moisture 

content, 

2. selecting additives and bonds that will produce 

a low but safe deformation, 

3. processing sand to a high green strength, 

4. cooling and aerating sand well. 

31. Castings with minimum roughness may be 
obtained by processing the sand to obtain a high flow- 
ability so that the mold surface will not have large 
holes into which metal can flow and cause rough pro- 
jections on the cast surface. 

Maximum flowability is obtained by 

a. tempering sand to lowest workable moisture 

content, 

b. processing the sand to lowest permissible green 

strength, 

c. selecting sand of highest fineness number that 

will yield lowest permissible permeability, 

d. selecting a fairly wide grain distribution such 

as a 4-screen sand, 

e. processing the sand to lowest safe green deforma- 

tion. 

32. Maximum rammability for squeeze ramming 
and maximum flowability are not, with present-day 
sand knowledge, obtainable at the same time and for 
the same green strength. The former requires a high 
green strength and the latter requires a low green 
strength sand. Selecting a moderate green strength 
such as 10 psi compression with moderate deformation 
may be a good compromise. 

33. The heat absorption of a molding sand in- 
creases with weight per cu ft of the rammed sand. 

34. The dry strength of molding sands as used in 
foundries is much higher than need be. A reduction 
will reduce shakeout effort, which is a cost saving 
item to be noted. 

35. The reclamation of molding sand with present- 
day equipment has definitely been proven to be a 
means of cost reduction without affecting the casting 
quality adversely. 


PROCESSING MOLDING SAND 


36. A foundryman’s interest in sand arises from 
the fact that improvement in sand processing leads 
to one of the greatest cost reduction measures and 
one of the greatest means of improving the casting 
quality. Sand in the foundry may be dirt or an 
engineered material depending upon the policy set 
forth by the management. 
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THE STUDY OF VERTICAL GATING 


By 


K. R. Grube and J. G. Kura* 


ABSTRACT 


1 study conducted with water poured in transparent mold 
models resulted in the development of a vertical gating design 
that appears to have sufficient merit to be evaluated in metal 
castings. The gating system consists of a tapered Sprue with 
a rectangular cross section, an enlargement of the runner di- 
rectly under the sprue, a horizontal extension of the runner 
past the 
riser, and a continuous web section connecting the side riser 
to the mold cavity. With the proper design of each of these 


gate, a flared gate entering the bottom of a side 


components, it is possible to produce a water casting essen- 
lially free of turbulence and air entrainment. The design of 
the vertical gating system, in addition to eliminating turbu- 
lence, also places the molten metal in a position to feed the 
casting properly during solidification. 

The design of each of the components was tested for its 
effect on turbulence by attaching a simple plate mold to the 
The 6 by 12 in. (which, if 
filled with metal, would represent a casting weight of about 


was Y% by 


gating system. mold 
214 lb of magnesium, 31% lb of aluminum, or 1014 |b of iron). 

Prior 
for vertical castings, some exploratory tests were conducted with 
These designs included such 


to the development of the improved gating system 


five nontapered Sprue designs. 
items as a gooseneck-shaped sprue, a hot shot that joined the 
upper portion of the sprue with the top portion of the casting, 
a continuous web connection between the sprue and the casting, 
and a side riser joined continuously to the casting by a web 
section. From this preliminary study, the research was planned 
to comprise a systematic study of (1) the effect of sprue design 
and taper on aspiration, (2) the effect of the geometry of the 
side riser and web connection to the casting, (3) the design 
of the horizontal runner, (4) the geometry of the enlargement 
and well at the base of the sprue, and (5) the design of 
the gate. 

The excellent results obtained in the laboratory with water 
poured in the transparent models will be verified by preparing 
aluminum-alloy castings. The vertical gating system that pro- 
duced the best water casting will be compared with a com- 
mercial gating design. The metal castings will be examined 
radiographically for cleanliness and soundness. In addition, 
tests will be made to determine the liiaitations in dimensions 
of the various gating components, based on the tentative prin- 
ciples described in this report. 


*Research Engineer and Chief, respectively, Battelle Memorial 
Institute, Columbus, Ohio. 

Experimental work sponsored by Frankford Arsenal, U. S. 
Army, under Contract No. DA-33-019-ORD-1383, and guided 


by the Research Committee of the Light Metals Division of the 
American Foundrymen’s Society. 
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Introduction 


This is the second progress report on “The Study of 
Vertical Gating”. The objective of the investigation 
was to establish some of the basic fundamental prin- 
ciples governing the design of a vertical gating system 
for permanent molds and shell molds. Since July 1, 
1953, the research has been sponsored by the Frank- 
ford Arsenal under Contract Number DA-33-019- 
ORD-1383 at Battelle Memorial Institute and guided 
by the Research Committee of the Light Metals 
Division of the American Foundrymen’s Society.** 

In the previous report', tests were described in 
which sprues of various designs entered the mold 
cavity directly, either on one side edge near the bot- 
tom or on the bottom near one side edge. The method 
of direct entry of the liquid into the mold cavity 
created considerable turbulence and air entrainment 
in the casting. These undesirable conditions moti- 
vated a research program, the results of which are 
presented in this report. 

As in the previous studies, the present investigation 
was conducted by pouring water in a transparent mold 
and recording the flow characteristics by high-speed 
photography. Entrainment of air in the water was 
assumed to be indicative of dross formation during 
the pouring of molten aluminum or magnesium. A 
flow rate equivalent to 4 lb of aluminum per sec- 
ond was selected as a standard flow rate in this study 
because many commercial aluminum castings are 
made successfully at this flow rate. 

Five rectangular sprues of radically different design 
were investigated. The sprues were not tapered. It 
became evident that the sprues must be tapered to 
eliminate aspiration of air through the side walls. 
It also became evident that study of sprue design 
could not be isolated from a simultaneous study of 
the flow pattern created in the mold cavity. Therefore, 
ttie course of the investigation was altered. 


**The Research Committee of the Light Metals Division of 
AFS consisted of the following members: W. E. Sicha, Chairman, 
W. Bonsack, Co-Chairman, R. F. Thomson, C. E. Nelson, T. D. 
Stay, W. J. Klayer, J. G. Mezoff, and H. J. Heine. 
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Three basic sprue designs of rectangular cross sec- 
tion were selected for study in the revised program. 
These included a straight sprue to be used in con- 
junction with a horizontal runner, a curved sprue 
that entered the mold cavity from the side, and a 
curved sprue that entered the mold cavity from the 
bottom. In each instance, the mold cavity was 4 by 
6 by 12 in. The degree of taper necessary to eliminate 
aspiration was determined for each sprue design. After 
this was established, then the method of introducing 
the liquid into the mold cavity in as quiet a manner 
as possible was investigated. From this program, a 
gating system was developed that appears to have 
many of the features desired for the production ol 
high-quality castings. 

The effectiveness of the new gating system must be 
tested with metal castings before definite recommen- 
dations can be made. A description of the studies 
planned with metal castings is included in the future 
work program. 

This report describes the work done on vertical 
gating during the period from July 1, 1953, to April 
30, 1954. 

Experimental Procedure 

Equipment. In this research on vertical gating, it 
was desired to employ methods for constructing the 
molds and sprues that would permit a great degree 
of flexibility in varying the test conditions. All of 
the various components were constructed of trans- 
parent plastic sheet. The sections were joined together 
either with a quick-drying solvent or cement or with 
machine screws, By these procedures, equipment could 
be constructed that was relatively inexpensive and had 
good clarity for visual observation and photographic 
purposes. 

Only one moid, made of plastic sheet, was used 
throughout the investigation. It had a cavity measur- 
ing 4 by 6 by 12 in. that, if filled with metal, repre- 
sented a casting weight of about 214 lb of magnesium, 
3Y%4 |b of aluminum, or 1014 lb of iron. Vent holes 
were drilled across the top section to permit escape 
of air from the cavity. The sprue was attached either 
to one of the narrow sides near the bottom or to the 
bottom toward one of the narrow sides of the mold. 
Only rectangular sprues, measuring either 14 by | in. 
or 4 by % in. at the bottom, were used in the present 
investigation. 

To obtain a record of the flow characteristics for 
detailed study, high-speed photographs were made 
during the pouring with each new gating system. The 
photographs were made on black-and-white motion- 
picture film at a speed of 128 frames per second. Upon 
projection, the action was 14 of normal speed. 

Pouring Procedure. In permanent-mold shops, pour- 
ing basins normally are not employed. The ability 
to start the pour with a pencil stream, without dis- 
rupting the stream and creating turbulence, is de- 
pendent upon the skill of the man doing the pouring. 
Thus, the quality of the casting is determined by his 
ability to pour from a ladle at the proper speed. One 
objective of the project was, therefore, to design a 
gating system that produces good castings with less 
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dependence upon the skill of the pour-off man. 

In the laboratory, several tests were made to 
illustrate the flow pattern that is created when a water 
casting is made by ladle pouring directly into the 
sprue. This method of pouring occluded considerable 
quantities of air in the sprue, and the bubbles were 
passed continuously into the mold cavity throughout 
the pour. Because of the turbulence created by this 
pouring technique, it was difficult to evaluate the 
changes made in the design of the sprue. 

Therefore, for the laboratory studies, a pouring 
basin made of lucite was employed to control the 
pressure head over the sprue and to provide a method 
of filling the system without entrainment of air. A 
stopper covered the exit hole in the pouring basin 
and was pulled away when the desired level of liquid 
was reached in the basin. Approximately a 14-in. head 
of water in the basin was sufficient to prevent the for- 
mation of a vortex. With this pouring technique, it 
was possible to correlate the flow characteristics with 
the specific gating system under test without having 
the confusing effects created by an _ uncontrolled 
method of introducing the liquid into the sprue. 

Nontapered Sprues. In the research studies reported 
previously', six different sprue designs of rectangular 
and circular cross section were investigated. None 
of these sprues were tapered and all of them were 
attached directly to the mold cavity, either at the 
side near the bottom or at the bottom near one side. 
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Fig. 1—Five basic sprue designs selected for investigation 
of vertical gating. Mold cavity dimensions are 2 in. 
x 6 in. x 12 in. 
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Sprue dimensions: 14 


x I in. at the top 
\% x 1 in. at the bottom 
Hot shot: 4 x \& in. 
Mold: % x 6 x 12 in. 
Flow rate: 0.63 Ib of aluminum o1 
0.40 Ib of magnesium per sec 


Fig. 2 (Top)—Effect of the hot shot—beginning of pour. 

Near the beginning of the pour, untimely filling of hot 

shot aggravates the already turbulent condition present 

in the mold cavity. The large quantity of air bubbles 

in the water casting were created by the jet action of 
the direct-entry type of sprue used here. 


Fig. 3 (Bottom)—Effect of the hot shot—end of pour. 

Near the end of the pour, the casting is obviously of 

poor quality as evidenced by the presence of the large 
number of entrapped air bubbles. 


Sprue dimensions: 14 x | in. at the top 
4 x | in. at the bottom 
Web: Yg-in. thick—full height 
of mold cavity 
Mold: \% x 6 x 12 in. 
Flow rate: 0.65 Ib of aluminum o1 
0.43 Ib of magnesium per sec 


Fig. 4 (Top)—Effect of the continuous web—beginning 
of pour. Air is being aspirated into the sprue through the 
web near the top. This, in addition to the turbulence 
created by the direct-entry type of sprue, causes large 
quantities of air to become entrapped. 


Fig. 5 (Bottom)—Effect of the continuous web—end of 

pour. The filled mold reveals many entrapped air bubbles 

in the casting. If this were metal, these would probably 
be dross particles. 














Sprue dimensions: 4 x | in. at the top 

1 in. at the bottom 
Mold: 6 x 12 in. 

Flow rate: 0.40 lb of aluminum or 


0.27 Ib of magnesium per sec 


Fig. 6 (Top)—Gooseneck type of sprue—beginning of 
the pour. The additional resistance offered by the re- 
verse bend in the sprue was sufficient to reduce the jet 
action in the mold cavity. This has resulted in less 
entrapped air and turbulence in the mold cavity. 

Fig. 7 (Bottom)—Gooseneck type of sprue—end of pour. 
As the liquid level reaches the top of the mold cavity, 
only a few air bubbles remain in the casting. 


Each of these designs created a considerable amount 
of turbulence during filling of the mold cavity and the 
water castings contained large quantities of entrapped 
air. 

At the outset of the research program described in 
this report, five new sprues illustrated in Fig. 1 were 
tested with the object of achieving reduced turbulence 
in the mold cavity. The sprues were constructed with 
a \% by l|-in. cross section and were not tapered. In 
the first design, the sprue entered the mold cavity at 
the bottom. An appendage representing a “hot shot” 
was located near the top of the mold. Its intended 
function was to provide a means of introducing the 
last portion of the liquid into the top of the casting. 
Tests showed that, as soon as the sprue was full, the 
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Sprue dimensions: ‘ 4% x | in. at the top 
4 x | in. at the bottom 
Side riser: 14 x 1 
Web: Vg in. 
Flow rate: 0.55 lb of aluminum or 
0.35 lb of magnesium per sec 


Fig. 8 (Top)—Effect of the side-entry sprue entering a 
side riser. The small cross section of the riser and web 
creates a severe cascading effect of the liquid into the 
mold cavity. This condition produces a large quantity of 
entrapped air in the casting. 
Fig. 9 (Bottom)—Flow pattern obtained when the side- 
entry sprue enters a side riser. Dye added near the end 
of the pour delineates the undesirable flow pattern that 
occurs ii the mold cavity as a result of gating into the 
side of the riser. The light cloudy liquid represents dye 
added early in the pour and the black liquid represents 
dye added near the end of the pour. 


water entered the hot shot and began to spurt into 
the nearly empty mold cavity. This untimely entry 
of the liquid created large quantities of entrapped air 
in the water casting. Figure 2 illustrates the untimely 
functioning of the hot shot, and Fig. 3 illustrates the 
damaged casting resulting from this faulty design. 

In the second design, the sprue also entered the 
bottom of the mold but was connected to the mold 
cavity by a \,-in.-thick web’ extending to the full 
height of the casting. 

During the pour, aspiration occurred in the sprue 
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Sprue dimensions: 


x 1 in. at the top 
x 1 in. at the bottom 
x I in. 


1 
1 
Side riser: 1 
Web: Vg in. 
Mold: Y% x 6 x 12 in. 
Flow rate: 0.55 Ib of aluminum or 
0.35 lb of magnesium per sec 


Fig. 10 (Top)—Effect of a bottom-entry sprue entering 
a side riser—beginning of pour. The small cross section 
of the riser and web causes cascading of liquid into the 
mold cavity during the early stages of the pour. 
Fig. 11 (Bottom)—Effect of the bottom-entry sprue 
entering a side riser—end of pour. The turbulent condi- 
tion created by the cascading liquid produces large 
quantities of air bubbles that become entrapped in the 
finished casting. 


as air was drawn through the web, from the mold 
cavity. The excessive aspiration permitted large 
quantities of air bubbles to be entrapped in the cast- 
ing. The turbulent condition created by this improp- 
erly designed sprue is shown in Fig. 4, and the 
damaged water casting is shown in Fig. 5. 


i: “SYP eT ps 





Sprue dimensions: 14 x | in. at the top 
4 x 1 in. at the bottom 
Side riser: 114 x 1% in. 
Web: \% in. 
Mold: Y% x 6 x 12 in. 
Flow rate: 0.65 Ib of aluminum o1 
0.40 lb of magnesium per sec 


Fig. 12—Flow pattern obtained when a bottom-entry 
sprue enters a side riser. Dye added to the water near the 
end of the pour delineates the more desirable flow pat- 
tern that occurs in the mold cavity as a result of gating 
into the bottom of the riser. The last liquid entering the 
mold cavity becomes located in the top portion of the 
casting. This is evidenced by the light cloudy liquid in 
the side riser and in the upper portion of the mold cavity. 


A design incorporating a reverse bend, which gives 
the sprue the appearance of an “S”, was investigated. 
Ihe design is often referred to as a “gooseneck” and 
has been employed in some commercial foundries for 
the purpose of retarding the velocity of the liquid 
before it enters the mold cavity. Figure 6 illustrates 
the small amount of turbulence created by the direct 
entry of the sprue into the mold. The reduction in 
the flow rate produced a finished casting with only 
a few entrapped air bubbles. A photograph of the 
finished water casting is shown in Fig. 7. 

In another design, the sprue was attached to the 
side of a vertical riser. In the foundry, one function 
of the side riser is to provide a reservoir of molten 
metal that will feed the casting during solidification. 
The sprue was attached to the bottom end of the side 
riser, and the riser, in turn, was attached to the 
casting along its entire height through a 14,-in. con- 
necting web. A photograph taken at the start of the 
pour, Fig. 8, shows that the liquid builds up in the 
side riser and creates considerable turbulence by cas- 
cading into the mold cavity. Dye was added to the 
liquid, when the mold cavity was almost filled, to 
determine the location of the last liquid entering the 
casting. The side-entry sprue gated into a side riser 
did not distribute the liquid satisfactorily. The flow 
pattern shown in Fig. 9 indicates there is a tendency 
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for the liquid to separate and a portion of it to go into 
the riser and the remainder to go directly into the 
mold cavity opposite the gate. In metal castings, this 
condition would probably produce internal shrinkage. 

The last of the five nontapered sprue designs 
selected for study, with the object of reducing tur- 
bulence in the mold cavity, was one that entered be- 
neath the side riser. The riser was connected to the 
mold cavity by a 4,-in. web. Figure 10 illustrates 
the undesirable cascading of liquid into the mold 
cavity. The resulting turbulence caused large quan- 
tities of air to be entrapped in the finished casting. 
A photograph of the casting near the completion of 
the pour is shown in Fig. 11, and reveals that a con- 
siderable quantity of air bubbles are entrapped. Later 
it will be shown that this condition was aggravated 
by the small slot in the web connection and by the 
small cross section of the side riser. 

To determine if the side riser was distributing the 
liquid properly when the sprue was attached under- 
neath it, dye was added near the end of the pour. 
The flow pattern revealed by the dye is illustrated in 
Fig. 12. Gating the side riser from the bottom pro- 
duced the desired distribution of liquid for making 
sound castings because the last liquid entered the top 
of the casting. This design shows considerable prom- 
ise over those previously tested; however, turbulence 
had not been greatly minimized by this sprue design. 
The gooseneck sprue appeared to produce the least 
amount of turbulence in the mold cavity, but this 
design requires an excessive amount of space in the 
mold, and has a slightly lower flow rate than is 
desired. It also creates excessive turbulence at the 
turns of the sprue and this introduces a_ larger 
amount of entrained air at the start of the pour. 

Tapered Sprues. All five of the sprues described in 
the previous section were nontapered, Earlier work! 
had indicated that nontapered sprues aspirated air 
when vents were placed in the wall of the sprue to 
represent the parting line in a permanent mold or 
the permeability of a sand mold. Therefore, the prob- 
lem of aspiration in the sprue and turbulence in 
the mold cavity was investigated. Three sprue designs 
were selected to determine (1) the degree of taper 
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required in the sprue to eliminate aspiration, and (2) 
the cross section required in the sprue to produce 
the desired flow rate equivalent to 14 lb of alumi- 
num per second. The three designs were as follows: 
a curved side-entry sprue, a curved bottom-entry sprue, 
and a vertical sprue with a horizontal runner. All of 
the sprues used in the research had a height of 15 in. 

The investigation of the three types of sprues was 
made without a mold attached to the sprue. The re- 
sults showed that the two curved sprues should have 
a taper ratio of 2 to 1 to prevent aspiration. (Width 
is constant but the thickness decreased 0.008 in./in. 
See Fig. 13.) That is, the cross-sectional area at the 
top of the sprue should be two times the cross- 
sectional area at the bottom. With this amount of 
taper, the aspiration is eliminated and the flow rate 
is increased. For the curved sprues, the flow rate is 
increased 50 per cent by increasing the degree of 
taper from | to | to 2 to 1. The same increase in 
degree of taper in the vertical sprue increased the rate 
of flow by approximately 80 per cent. However, aspira- 
tion was not eliminated in this design until a taper 
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Fig. 13—Method of tapering the ae 
rectangular sprue. In this 15-in. 
sprue with a 2 to 1 taper ratio, 
the degree of taper is 0.004 in./in. 
on each of the two sides parallel 
to the parting line. i | 4 
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EFFECT OF VARIOUS TAPERED SPRUES ON 


ASPIRATION AND FLOW RATE OF WATER 





Sprue (15 in. long) 


Vents 


Design Degree of Degree of 

Taper Aspiration Open 

Curved, side 1:1 Slight 0.21 
entry, Y% in. x lin. 2:1 None 0.33 
3:1 None 0.37 

Curved, side 1:1 Severe 0.13 
entry, 4% in. x 3% in. 2:1 None 0.26 
Curved, bottom 1:1 Severe 0.19 
entry, 4% in.x lin. 2:1 None 0.28 
Vertical, 1:1 Severe 0.24 
Y% in. x | in. 2:1 Slight 0.45 
3:1 None 0.49 


™ Average of five tests. Multiply by 1.7 and 2.7 to obtain the flow 
© When a mold was attached, the slight aspiration was eliminated. 


No Mold 


Flow Rate, Ib/sec' 


Vents Vents Vents Vents Vents 
Closed Open Closed Open Closed 
0.24 0.22 0.23 0.20 0.23 
0.36 0.27 0.29 0.25 0.26 
0.39 0.31 0.32 0.29 0.29 
0.15 0.11 0.12 0.11 0.12 
0.26 0.21 0.21 0.20 0.20 
0.20 0.15 0.15 0.14 0.16 
0.29 0.19 0.20 0.20 0.21 
0.26 — — sud —s 
0.47 ee oud = —_ 
0.51 — one i me 


rate for magnesium and aluminum, respectively. 


Mold 1% in. x 6 in. x 12 in. Mold 2 in. x 6 in. x 12 in. 
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ratio of 3 to 1 was used. (Thickness decreased 0.016 
in./in.) When a mold was attached, a taper ratio of 
2 to | was effective in eliminating aspiration. When a 
taper is used, sprues with smaller cross section at the 
bottom should be employed to give the desired flow 
rate. The flow rate obtained for the various designs 
and sizes of sprues are recorded in Table | and plot- 
ted in Fig. 14. The dimensions at the exit end selected 
lor the various sprues to be used in the experimental 
work was l4 by | in. Sprues with this cross section, 
when attached to the mold cavity, produced the de- 
sired flow rate of water that was equivalent to ap- 
proximately 14 lb of aluminum per second. 
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Ratio of Top Area to Bottom Area of the Sprue 


Fig. 14—Effect of sprue design and ratio of taper on flow 
trate without mold attached. Cross section at exit end of 
the sprue was Yg in. x 1 in. 


Side Riser and Connecting Web. The results ob- 
tained with the five nontapered designs of sprue in- 
dicated that a sprue entering directly into a mold 
cavity created considerable turbulence, a situation 
that would be expected to produce a defective metal 
casting. Also, it was indicated that, by gating into a 
riser at the bottom, the last liquid to enter the system 
would be placed near the top of the casting. Ac- 
cordingly, a systematic investigation was started to 
determine the effect of the geometry of the riser and 
web on turbulence. 

A drawing of the assembly of the transparent 
models of the sprue, riser, web, and mold is shown 
in Fig. 15. The sprue enters the riser from the bottom. 
Its cross section at the bottom is 14 by | in. and in- 
creases to 14 by | in. at the top. A sprue having a 
height of 17 in. was used in the studies. 

The cross-sectional area of the riser and web com- 
bination was varied by adding inserts. The dimensions 
of the side riser used were either 114 by 11% in., or 
| by 1 in. Webs 4 in. or \& in. in thickness were 
employed with each of the two sizes of risers. The riser 
and web extended the full height of the mold cavity. 


39 


It was found that the first liquid to enter the riser 
formed a jet. In the small riser (1 by | in.), the height 
of the jet equalled the height of the riser. Increasing 
the cross section of the riser to 1/4 by 114 in. appeared 
to reduce the height of the jet somewhat. On its fall, 
the jet tended to entrap a considerable quantity of 
air. This entrapped air was later washed into the 
mold cavity during the early stages of the pour. 

A difference in height existed between the liquid 
level in the riser and that in the mold cavity during 
the early stages of the pour. This difference caused 
the liquid to cascade and to entrap additional air 
in the casting. With the l-in.-square riser and 14-in. 
web, the differential between the liquid levels in the 
riser and mold cavity was approximately 5 in. dur- 
ing the initial stages of the pour. This height differ- 
ential caused the cascading to continue for a longer 
period of time in those systems containing the smaller, 
l4-in. web, and the small | by |-in. riser. The system 
containing the 114 by 11,4-in. riser and the Y4-in. web 
had a liquid differential between the riser and mold 
cavity of approximately 214 in. during the initial 
stages of the pour. This decrease in the height of 
water in the riser reduced the cascade effect in the 
mold cavity, and, of course, decreased the turbulence 
in the mold cavity. A comparison of the degree of 
cascading created by the two sizes of risers and webs 
is shown in Fig. 16 and 17. 

One method of measuring the degree of turbulence 
of the liquid in the mold cavity was to note the level 
at which air bubbles stop passing from the riser into 
the mold cavity. In all instances, some air bubbles 


Mold cavity 


Tapered sprue 
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Fig. 15—Isometric view of the assembly of the sprue, 
riser, web, and mold cavity. 








in. at the top 
in. at the bottom 
Riser: 1 x 1 in. 
Web: | in. in thickness 
Flow rate: 0.60 lb of aluminum or 
0.39 Ib of magnesium per sec 


Sprue dimensions: 1 
1 


Fig. 16—Effect of a 1-in.-square side riser and a \%-in. 
web. The small cross section of the riser and web permits 
a build-up of liquid in the riser. This excessive build-up 
causes cascading of the liquid from the riser into the 
mold cavity. Compare this photograph with Fig. 17. 


were carried into the mold cavity until it was approxi- 
mately half fult. This is a marked improvement over 
those systems where the sprue entered directly into 
the mold cavity. Additional improvement, however, 
is needed to reduce the amount of turbulence still 
further. 

It was realized that the water analogy employed 
in the laboratory study probably overemphasized the 
entrainment of air that could cause formation of dross 
in metal castings. Nevertheless, if a water casting by 
an improved gating system could be made to rid it- 
self of entrained air sooner, a metal casting poured 
by the same improved gating system should be bene- 
fited to a somewhat similar degree. 


Additional Gating Components 

The tests in the laboratory indicated that direct 
entry of the sprue either into the side riser or mold 
cavity was not completely effective in overcoming tur- 
bulence in the mold cavity. Therefore, gating com- 
ponents other than those already discussed were in- 
vestigated in an attempt to reduce turbulence in the 
vertical gating system. The results, described in greater 
detail in subsequent sections, indicate that each of 
the new gating components made some reduction in 
the degree of turbulence. The optimum conditions 
were obtained by combining an enlargement of the 
runner at the base of the sprue with a horizontal 
runner extending past the gate, and flaring the gate 
to approach the cross section at base of side riser. 
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Sprue dimensions: 14 x | in. at the top 
\% x | in. at the bottom 
Riser: 114 x 1% in. 
Web: | in. in thickness 
Flow rate: 0.65 lb of aluminum or 
0.40 Ib of magnesium per sec 


Fig. 17—Effect of a 1'2-in.-square riser and a 1/-in. web. 

The larger cross section of the riser and web, as com- 

pared with the model in Fig. 16, has reduced the tendency 

for a build-up of liquid in the riser. The reduction in the 

degree of cascading results in less turbulence in the mold 
cavity. 


Well and Enlargement. Data obtained on horizontal 
gating systems? indicated that a well or an enlarge- 
ment of the runner of proper dimensions, at the base 
of the vertical sprue, was beneficial in reducing the 
amount of turbulence in the gating system. It was de- 
sirable to determine if these particular devices would 
be of value in reducing the turbulence in a vertical 
gating system, 

The well is an enclosed depression of a cylindrical 
design placed at the base of the sprue. The runne1 
starts from the top of the side wall of the well. The 
enlargement, which is an increase in the area of the 
runner at the base of the sprue, differs from the well 
in that it does not extend below the bottom of the 
runner. 

Cylindrical wells 1 and 11% in. in diameter and 
ly, 34, and | in. deep and enlargements | in. and 
11% in. in diameter were tested with a vertical sprue. 
The bottom cross section of the sprue measured 14 
by 1 in. The top cross-sectional area was three times 
that of the bottom. 

For each test with the well or the enlargement, the 
degree of turbulence was measured by noting the 
time required to wash out the air entrapped in the 
water at the base of the sprue. The water was ad- 
mitted to the sprue by the removal of a stopper from 
a pouring basin. The well or the enlargement was 
connected to the mold cavity by a runner 5%4¢ in. 
wide and 34 in. deep. The diameter or depth of 
the well had little or no effect on the flow rate. Other 
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tests showed that devices such as an enlargement or 
a well at the base of the sprue reduced the flow rate 
by about 25 per cent. 

The data obtained for the various wells and enlarge- 
ments are given in Table 2. None of the wells were 
as effective as the |-in.-diameter enlargement in re- 
ducing turbulence, as indicated by the minimum 
clean-up time listed in Table 2. An enlargement with 
this diameter was employed in subsequent tests. When 
the mold was attached to the gating system, the flow 
rate was reduced by approximately 18 per cent. 


TABLE 2——-EFFECT OF WELL DIAMETER AND DEPTH 
On CLEAN-UP AND FLOW RATE OF Two 
SIZES OF VERTICAL SPRUES 





4 x 6 x 12-In. Mold 


No Mold Attached Attached 


Well Well Clean-up Flow Clean-up Flow 
Diameter, Depth, Time, Rate, lime, Rate, 
; in. in. sec lb /sec® Sec Ib /sec?® 


¥g x 1-In. Vertical Sprue, 3 to 1 Taper 


ll, 0 14-14% 0.36 14-14% 0.30 
% 2-214 0.37 134-2 0.30 

v/, 214-3 0.38 2-21, 0.29 

] 414-53, 0.38 314-434 0.30 

l 0 4-14 0.38 ¥y-1y 0.31 
V, 134-214% 0.40 114-2 0.32 

/, i14-1% 0.40 1-1% 0.32 

] 4-1 0.40 1-114 0.31 

Vg x %-In. Vertical Sprue, 3 to 1 Taper 

Ll, 0 114-24 0.31 1y4-1% 0.25 
ly 214-214 0.32 2-2, 0.26 

/, 244-24 0.32 134-2 0.26 

l 5Y4-7% 0.33 614-53, 0.26 

0 1-14 0.32 3/,-1l4 0.26 
\% 1-ly 0.32 1y4-1y 0.27 

V 2-3 0.33 23/,-4 0.27 

l 214-234 0.33 134-3 0.27 


™ Zero depth constitutes the enlargement. 

™ Values reported for water; multiply by 1.7 and 2.7 to convert 
to magnesium and aluminum, respectively. The water was 
discharged through a runner %g in. wide and % in. deep. 





Horizontal Runner Extension. To employ the en- 
largement in a vertical gating system, a runner is 
necessary. In the tests determining the effectiveness of 
the enlargement, the runner curved upward to meet 
the bottom of the side riser. The cross-sectional area 
of the runner was twice that at the bottom of the 
sprue. Although a large quantity of the kinetic energy 
of the stream had been dissipated in the enlargement 
and the velocity was decreased by the increase in the 
cross section of the runner, there still was a tendency 
for the water to jet into the riser. Therefore, it be- 
came obvious that some additional improvement 
should be made in the design of the runner. 

Six variations in design of the runner were investi- 
gated. All of the designs incorporated an extension 
beyond the juncture of the gate. The gate entered the 
bottom of the side riser. The first runner design tested 
was of the same cross section as the sprue. It was at- 
tached directly to a side-entry sprue and is illustrated 
in Fig. 18. The second design, with the runner 
attached to a side-entry sprue, increased the area 
beyond the junction of the gate twofold. The tests 
conducted with these designs showed that, when the 
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cross-sectional area of the runner extension was twice 
that of the sprue, the jet was reduced in the side 
riser. A 14-in. diameter pop-off at the end of the 
runner extension permitted the escape of air and more 
rapid filling by the liquid. To decrease the jet effect 
still further, studies were continued with the other 
four designs that incorporated an enlargement of the 
runner at the base of a vertical sprue. 

In three of the four remaining designs containing 
the l-in.-diameter enlargement of the runner at the 
base of the sprue, the cross-sectional area of the run- 
ner extending beyond the junction of the gate was 
gradually increased to four times that at the bottom 
of the sprue. In each instance, a pop-off was placed 
at the end of the runner extension. The additional 
increases in cross-sectional area of the runner exten- 
sion were effective in permitting the liquid to fill the 
runner extension before entering the mold cavity. 
Also, the jet effect in the riser was considerably re- 
duced. The enlargement and the extension of the 
runner, however, did not produce completely tur- 
bulent-free conditions. Further improvement was 
needed. 

Gate. In the studies conducted with the horizontal 
runner extension, two sizes of gates were employed. 
One gate measured 14 by | in. and was equivalent 
to the cross section of the bottom of the sprue. The 
runner connecting the sprue to the gate had a cross 
section twice that of the sprue. This gate was tested 
with a runner extension that did not increase in 
cross-sectional area beyond the gate. Consequently, 
considerable turbulence was produced because no re- 
duction was made in the velocity of the liquid. 

The other gate employed measured % , by 3% in. 
and was equivalent to the cross section of the runner 
prior to its juncture with the gate. As before, the 
runner had a cross section twice that of the sprue. 
The gate was tested with runner extensions that in- 
creased twofold in area beyond the gate. The increase 
in cross section of the runner extension permitted 
it to fill more completely and absorb some of the 
kinetic energy of the stream before liquid entered 


Fig. 18—Schematic drawing of the horizontal runner and 
sprue assembly. 
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the gate. When combined with the larger gate, the 
velocity of the liquid was markedly reduced, thus 
decreasing turbulence in the side riser and mold 
cavity, However, turbulence was not completely 
eliminated, 

To bring about turbulent-free flow from the runner 
into the side riser, the gate on one runner design was 
flared from the cross-sectional area of the runner to 
approximately the cross-sectional area of the riser. 
This change in area occurred within a length of 3 in. 
The approximately eightfold increase in area reduced 
the velocity of the liquid to a point where no jet 
action occurred. The water entered the riser quietly 
and, consequently, practically no air bubbles were 
entrapped in the castings. The small number of air 
bubbles that entered the system at the start of the 
pour were completely washed out by the time the 
liquid reached a height of 214 in. in the mold cavity. 
The flared type of gate used with the runner exten- 
sion was a definite improvement in producing a tur- 
bulent-free gating system. 


Tentative Improved Gating System 


The improved gating design has not yet been 
evaluated with metal castings. Therefore, only general 
statements can be made at this time in describing a 
satisfactory design for a vertical gating system. 

(1) The sprue should be tapered so that the cross- 





Fig. 19—Schematic sketch of a tentative improved vertical 
gating system. 
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sectional area is larger at the top than at the bottom. 
This prevents sucking of air or mold gases into the 
sprue. 

(2) The runner should be enlarged at the base of 
the sprue. This device absorbs some of the kinetic 
energy in the stream and decreases the flow velocity. 

(3) The runner should have a cross section larger 
than that of the sprue to decrease the flow velocity. 

(4) The extension of the runner past the gate 
should have a cross section larger than that of the 
runner ahead of the gate. 

(5) The blind end of the runner extension should 
have a pop-off to permit escape of air and rapid filling 
of the runner extension. 

(6) The cross section of the gate should not be 
smaller than that of the runner. 

(7) The gate should enter the bottom of a side 
riser and should have generous fillets at this juncture. 

(8) The side riser should be connected to the mold 
cavity by a continuous web section. 

A drawing illustrating these various features is shown 
in Fig. 19. With this gating design, the liquid does 
not jet into the mold cavity, a minimum amount of 
turbulence is created, and the last liquid entering the 
mold cavity becomes located in the top portion of 
the casting. 

Future Work 


The research during the past year has indicated that 
improvements can be made in vertical gating design. 
The application of these improvements, described 
in this report, need to be applied to the actual pro- 
duction of metal castings. This will be the next step 
in the investigation. 

Also, attention will be directed to the possible limi- 
tations of the tentative principles for gating vertical 
castings as set forth in this report. Some of the factors 
that require further study include the height of sprue, 
its shape, the dimensions of the cross section of the 
sprue, and the size of the mold cavity, and the effec- 
tiveness of screens. 
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INVESTIGATION 


Introduction 


This report covers the work on the Sand Research 
Project sponsored by the AFS Sand Division; this 
work has been completed at Cornell University in the 
period April 1, 1953 to August 1, 1954. The stress- 
strain and expansion studies of 18 synthetic steel 
foundry sand mixtures at elevated temperatures are 
discussed in Part I. Application of these data to actual 
scabbing tendencies of the mixtures studied is dis- 
cussed in Part II. The appendices include room temp- 
erature properties and properties at 2500 F at short 
exposure times for the mixtures studied. 

The authors wish to acknowledge the many helpful 
suggestions and guidance given by the AFS Sand Div- 
ision Committee 8-L* on the Physical Properties of 
Steel Foundry Sands at Elevated Temperatures, under 
the Chairmanship of H. W. Meyer. 

The sand research project is highly indebted to the 
New Jersey Silica Sand Company, which donated the 
sands used in the investigation. 


PART I 
Stress-Strain and Expansion Test Data 


Apparatus and Procedures 


General features of the dilatometer, load-deforma- 
tion autographic recorder, expansion apparatus and 
the procedures followed in the operation of the ap- 
paratus and specimen preparation have been described 
in the Eleventh! and Twelfth? Annual Reports and 
will not be discussed here. 

It should be noted that the dilatometer and load 
deformation recorder were modified to increase the 
compressive stress limit from 1000 to 3000 psi during 
the summer and fall of 1953. The furnace supports 
of the dilatometer were strengthened by cross braces 
which were added at the top and bottom of the sup- 
port posts. The 1-in. diam mullite specimen post and 
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similar upper contact post were replaced by 114-in 
diam corundum posts of the same length in order 
to withstand the increased stress on the loading 
system. 

Rather than install a single new hydraulic system 
with a capacity of 3000 psi, which would cause re- 
duced sensitivity in the lower stress ranges, the old 
1000-psi system was retained, completely rebuilt and 
filled with new oil lines. The 3000-psi system was then 
installed as a separate unit, utilizing the original 
master cylinder. This necessitated installation of a 
heavier oil filter. Each system has its own separate 
pressure indicator. 

The autographic load-deformation recorder was 
modified to allow use with both loading systems. This 
is effected by selector switches on the top panel of 
the recorder which cause the desired differential trans- 
former on the bourdon tube of the loading system to 
become energized. 

After reassembly, the dilatometer thermocouple was 
calibrated, and the two pressure indicators were cali- 
brated with each other and with the autographic load 
recorder. Considerable difficulty was experienced with 
the temperature control system of the dilatometer 
after preliminary calibration had been completed. 
This necessitated renewal of several components of 
the temperature control unit and replacement of the 
automatic switch. 

After completion of the modification of the dilat- 
ometer and its associated technical difficulties as de- 
scribed above, an extensive program was initiated to 
ascertain the new caliber of performance of the modi- 
fied dilatometer. This investigation consisted essen- 
tially of a thorough controlled retesting of various 
sand mixtures for which the compressive load-defor- 
mation characteristics were already known. 


Mixtures Studied 


This report covers the 18 synthetic sand mixtures 
shown in Table B-1. Varying amounts of silica flour, 
wood flour, and chemically-treated wood flour were 
used as additives to the base New Jersey no. 60 
silica sand, Western bentonite no. 5 was used as the 
bonding agent in each case. The composition range 
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Fig. 1—Relationship of maximum expansion and maxi- 
mum deformation vs. temperature. 
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Fig. 2—Relationship of maximum expansion and maxi- 
mum deformation vs. temperature. 
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Fig. 3—Relationship of maximum expansion and maxi- 
mum deformation vs. temperature. 


of each additive used in the mixtures investigated 
encompassed those percentages which are in common 
foundry use. The moisture content was also varied 
for the silica flour mixtures. The exact compositions 
of the test mixtures are given in Tabie B-1. 


Experimental Data 


The changes in maximum deformation and maxi- 
mum free expansion with temperature for each of 
the 18 mixtures are graphically represented in Fig. 
1-7. Each point on the various curves represents the 
average of at least three determinations at that 
temperature. 

Figure | represents a 4 per cent western bentonite 
5 per cent silica flour mixture with varying moisture 
content. It is seen that the critical temperature, at 
which the deformation and expansion curves inter- 
sect, becomes progressively lower as more moisture is 
added to the mixture. At 3 per cent moisture the 
critical temperature is 1840 F; at 5 per cent moisture, 
1550 F; and at 7 per cent moisture, 1525 F. 

Figure 2 represents a 4 per cent western bentonite- 
3 per cent moisture mixture with varying amounts 
of silica flour. The critical temperature here is seen 
to decrease with an increase in the percentage of 
silica flour. At 7 per cent silica flour the critical temp- 
erature is 1925 F, while at 8 per cent silica flour it 





MAXIMUM DEFORMATION & 


F; 





a 


. | 


oe 


| 





<i- 
ot 
g. 
he 
at 


re 
at 
Y- 

is 
he 
re, 


te- 
1ts 
en 
of 


‘p> 





R. G. THorper, O. P. EBERLEIN, R. C. WAUGH AND P. E. KYLE 45 


MAXIMUM EXPANSION & MAXIMUM DEFORMATION 


VS. TEMPERATURE 
MIXES 9,10, 81! 


GREEN SPECIMENS 4% WESTERN 


o-oo MAX. EXPAN. 
®— 2 MAX.DEFORM. 


z 
6=z 
z 
a 
©. 
ez 
<2 
«2 
°o 
SF oo 
85° 
zz 
— i ] 
zz 
xx ° 
aa 
zz 


FURNACE TEMPERATURE, °F 


Fig. 4—Relationship of maximum expansion and maxi- 
mum deformation vs. temperature. 


is 1870 F. It was noted in the Eleventh Annual 
Report! that there was an inherent time lag in the 
deformation recording apparatus which caused the 
deformation readings to be in error by about 0.005 
in./in. Because the curves of Fig. 2 lie close together 
before and after the crossing point, it is possible that 
this normally small error may have affected the criti- 
cal temperature. 
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Fig. 5—Relationship of maximum expansion and maxi- 
mum deformation vs. temperature. 
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Fig. 6—Relationship of maximum expansion and maxi- 
mum deformation vs. temperature. 


Figure 3 represents a 4 per cent western bentonite- 
10 per cent silica flour mixture with varying moisture 
content. The critical temperature here increases 
slightly with an increase in moisture content, although 
all values of critical temperature are much less than 
the corresponding values obtained for the 4 per cent 
western bentonite-5 per cent silica flour mixture 
shown in Fig. |. In Fig. 3 the critical temperatures are: 
1540 F for 3 per cent moisture; 1585 F for 5 per cent 
moisture; and 1585 F for 7 per cent moisture. 

Figures 4 and 5 represent a 4 per cent western ben- 
tonite-20 per cent silica flour mixture with varying 
moisture content. The critical temperatures are: 1565 
F for 3 per cent moisture; 1470 F for 5 per cent mois- 
ture; 1485 F for 7 per cent moisture and 1515 F for 
10 per cent moisture. It is noted that these values 
are generally much lower than those obtained for 
the 4 per cent western bentonite-5 per cent silica flour 
shown in Fig. | and the 4 per cent western bentonite- 
10 per cent silica flour shown in Fig. 3. 

Figure 6 represents a 3 per cent western bentonite- 
5 per cent moisture mixture containing varying 
amounts of wood flour. The critical temperatures 
are 1715 F for 0.5 per cent wood flour; 1625 F for 
1 per cent wood flour and 1535 F for 2 per cent wood 
flour. It is seen that the critical temperature de- 
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Fig. 7—Relationship of maximum expansion and maxi- 
mum deformation vs. temperature. 








PROPERTIES OF STEEL FOUNDRY SANDS AT ELEVATED TEMPERATURES 


TABLE A-]1—PropeErtTigEs AT 2500 F. 





MAXIMUM EXPANSION & MAXIMUM DEFORMATION 
VS. TEMPERATURE 


Hot Compressive 


MIXES 15,16, @ 17 Strength 
GREEN SPECIMENS 3% WESTERN BENT. on . 
at 2500 F, 
Mixture 2 min Appearance after shock heating 
No. exposure, psi at 2500 F for 20 min 
l 24 
2 33 Fine line cracks; quite shallow 
3 251 Cracks are very fine and sparse near 
center section 
t 75 Network of hairline cracks over 
entire surface 
a) 113 Network of cracks over entire sur- 
face 
6 ill Fine network of cracks; no bulging 
7 119 Network of moderately fine cracks; 
no bulging 
8 185 Several fine cracks in certain sec- 
tions; no swelling 
9 365 Network of fine cracks; no bulging 
10 309 Network of fine cracks; no bulging 
11 374 Network of cracks; slight bulging 
12 46 Few large cracks; slight bulge on 
one side 
13 35 Few large cracks; bulge on one side 
14 38 Large interconnecting cracks on 
one side 
15 32 Several large surface cracks; no 
swelling; surface unglazed 
16 28 Several large interconnecting sur- 
face cracks; unglazed; no swelling 
17 49 Slight surface cracking; unglazed; 
no sweliing 
18 445 Several very large cracks; slight 


bulging 








creases with an increase in the wood flour content. 
It should be noted that the deformation curves all 
show a decrease in maximum deformation at about 
1300 F, probably caused by the burning out of the 
wood flour additive at this temperature. 

Figure 7 represents a 3 per cent western bentonite- 
5 per cent moisture mixture containing varying 
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TABLE B-I1—SAND Mixtures TESTED 
Base Sand—New Jersey No. 60, Western Bentonite No. 5 





Mixture 


No. 


St we Of PO 


Room Temperature Properties 





Green Dry 
Western Compressive Compressive Green Dry 
Additive, Bentonite, Moisture, Strength, Strength, Permeability Permeability 

Additive % % % psi psi (cm*/gm, sec) (cm*/gm, sec) 
Silica Flour 5.0 4.0 3.0 6.04 79.2 139 167 
Silica Flour 5.0 4.0 5.0 5.59 90.0 119 154 
Silica Flour 5.0 4.0 7.0 5.23 944 105 179 
Silica Flour 7.0 4.0 3.0 6.88 944 118 127 
Silica Flour 8.0 4.0 3.0 6.92 87.2 113 131 
Silica Flour 10.0 4.0 3.0 7.05 89.0 108 125 
Silica Flour 10.0 4.0 5.0 6.03 944 107 140 
Silica Flour 10.0 4.0 7.0 6.83 944 89 133 
Silica Flour 20.0 4.0 3.0 8.31 944 59.7 70.5 
Silica Flour 20.0 4.0 5.0 8.66 944 53.3 67.1 
Silica Flour 20.0 4.0 7.0 9.26 944 53.1 77.2 
Wood Flour 0.5 3.0 5.0 3.22 87.1 131 175 
Wood Flour 1.0 3.0 5.0 3.81 76.9 130 187 
Wood Flour 2.0 3.0 5.0 3.58 65.1 121 180 
Chemically- Treated 0.5 3.0 5.0 3.67 944. 135 198 

Wood Flour 
Chemically-Treated 1.0 3.0 5.0 3.68 944 1438 208 

Wood Flour 
Chemically-Treated 2.0 3.0 5.0 3.85 61.7 131 190 

Wood Flour 
Silica Flour 20.0 4.0 10.0 9.62 944 37.1 83.0 
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amounts of chemically-treated wood flour. The critical 
temperatures are 1670 F for 0.5 per cent treated wood 
flour; 1730 F for | per cent treated wood flour; and 
1610 F for 2 per cent treated wood flour. It is possible 
that the critical temperatures for the mixtures con- 
taining 0.5 per cent and | per cent treated wood flour 
are in error, since the curves are very close together 
before crossing point. 

In the Twelfth Annual Report? it was found that 
a 4 per cent western bentonite-3 per cent moisture 
mixture had a critical temperature of 1640 F and 
a 4 per cent western bentonite-5 per cent moisture 
mixture had a critical temperature of 1540 F. Com- 
paring these with the same mixtures containing silica 
flour additions in Fig. 1, 2, 3 and 4, it is seen that 
additions of 5, 7, 8 and 10 per cent silica flour raises 
the critical temperature of the mixture, while addi- 
tions of as much as 20 per cent silica flour lower the 
critical temperature of the mixture (Fig. 5). 

It was also reported in the Twelfth Annual Report* 
that a 3 per cent western bentonite-5 per cent moisture 
mixture had a critical temperature of 1870 F. Com- 
paring this with the same mixtures containing wood 
flour and treated wood flour additions (Figs. 6 and 
7), it is seen that the wood flour and treated wood 
flour additions lower the critical temperature in every 
case. 


PART II 
Strain-Expansion Characteristics as Related to the 
Scabbing Tendency of the Mixture 


The originally proposed theory on scabbing ten- 
dencies of molding sands states that:* If mold metal 
interface conditions are such that the expansion of 
the sand results in a deformation which exceeds the 
ability of the sand to deform at that temperature 
without fracture, a surface defect will occur. Thus 
the lower the critical temperature, above which the 
sand is able to expand without fracture, the less will 
be the scabbing tendency of that sand mixture. 

On the basis of this theory, it seems possible that 
the relative scabbing tendencies of the sand mixtures 
whose critical temperatures were determined in Part 
I may be predicted. 

It is seen that adding 0-5 per cent silica flour to 
a 4 per cent western bentonite-3 per cent moisture 
or to a 4 per cent western bentonite-5 per cent mois- 
ture mixture should cause the scabbing tendency of 
the sand to increase, but adding 5-20 per cent silica 
flour should cause the scabbing tendency to decrease. 
Addition of more than 10 per cent silica flour should 
cause the scabbing tendency to decrease below that 
of the plain 4 per cent western bentonite sand. No 
data are available for 4 per cent western bentonite- 
7 per cent moisture sands. Increasing the moisture 
content from 3 to 7 per cent should decrease the 
scabbing tendency of a 4 per cent western bentonite- 
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5 per cent silica flour sand but should increase the 
scabbing tendency of a 4 per cent western bentonite- 
10 per cent silica flour sand. 

Increasing the wood flour or treated wood flour con- 
tent of a 3 per cent western bentonite-5 per cent 
moisture mixture from 0 to 2 per cent should de- 
crease the scabbing tendency of the sand, It cannot 
be shown conclusively whether or not wood flour or 
treated wood flour additions should produce sand ol 
lower scabbing tendencies. 


Conclusions 


The free expansion-temperature curves of these 
sand mixes with additives are similar to those of the 
base sand. The actual values obtained show a slight 
effect of the additives in some cases and no effect in 
others, with the variations nearly within the limits 
of experimental error. 

This report shows conclusively that the maximum 
temperature at which the expansion exceeds the allow- 
able deformation varies in different steel sand mix- 
tures. It was concluded in a previous report that as 
this temperature increases, the scabbing tendency of 
the sand increases. This report contains the labora- 
tory data for the critical temperatures for 18 steel 
sand mixtures containing commonly used additives. 

It is recommended that test castings be made to 
confirm the predictions made from the laboratory 
data. It should be noted that in the past, when test 
castings were made, the results showed good correla- 
tion with the laboratory results. 


APPENDIX A 


It was stated in the Twelfth Annual Report’ that 
the appearance of a sand specimen shock heated to 
2500 F for a given length of time is often a valuable 
means of estimating the thermal stability of a molding 
sand; also that a hot compressive test after a 2-min 
exposure at 2500 F is useful as a control test for 
hot tearing tendency. Table A-1 contains the observa- 
tion made on the 18 mixtures discussed in this report. 


APPENDIX B 


Table B-1 contains several room temperature prop- 
erties of the mixtures covered in this report. 
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SOLIDIFICATION OF FINITE CYLINDERS 


By 


V. Paschkis* 


1. Introduction 


The work reported herein is an extension and com- 
pletion of the work reported in 1953.1 Again investiga- 
tions were limited to the casting proper, omitting a 
study of the mold and assuming specified temperatures 
at the casting-mold interface. 

A certain amount of work, however, was devoted 
to a variation of the assumed surface temperatures of 
the casting. 


Il. Solidification of Cylinders of Finite Length 

Results are first obtained in the form of isochrones. 
Isochrones are curves connecting all points in a 
system which reach a certain temperature (e.g. the 
liquidus) at the same time. A system of isochrones 
may be drawn for any temperature. In the present in- 
vestigation two sets were developed, one for the liq- 
uidus and the other for the solidus. Freezing times 
were then correlated as functions of the geometry 
involved (length/diameter ratio). 

In the previous program experiments were run, as- 
suming that the interface temperature was permanent- 
ly at the “Riemann temperature” and, optionally, 
that the interface was at the Riemann temperature 
for 20 or 40 sec and then dropped to 90 per cent of 
that value. The “Riemann temperature’ is a com- 
puted value which prevails at the interface casting- 
sand mold under certain limiting conditions. It can 
be computed readily and therefore can serve as a 
convenient point of reference and comparison. In Fig. 
10 of the previous paper} it was shown, that in a long 
cylinder, solidifying in sand, the surface temperature 
increases beyond the Riemann value. Hence this paper 
includes the case of an increase in Riemann tempera- 
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ture, in addition to showing conditions as discussed in 
the previous paper. 

The solidification of the center (mid length) of a 
very long cylinder is not influenced by the cooling of 
the end faces. The question arises, what represents a 
“very long” cylinder. 

This is analyzed by comparing cylinders of various 
lengths. The length representing a “very long” unit 
is a function of the diameter. 

If the length is greatly decreased, solidification con- 
ditions approach those of the slab. 


lll. Experimental Results 


1. Isochrones — Comparative experiments were car- 
ried out for cylinders, 2 in. in diameter for a number 
of conditions, as summarized in Table 1. 











TABLE 1 — SUMMARY OF CASES 
L, L/D Interfaceat Interface at Riemann Temperature for 
in. Riemann 40sec;then 20sec;then 20 sec; then 
Temp. 0.9R.T. 0.9R.T. 1.032 R.T. 
4 2 Exp. 1 Exp. 2 Exp. 3 Exp. 4 
8 4 Exp. 5 Exp. 6 Exp. 7 Exp. 8 





The first three conditions are the same as those 
previously investigated, The last condition (interface 
for 20 sec after pouring at Riemann temperature; 
then increased to 1.032 x Riemann temperature) was 
selected purposely. It was found that this condition 
leads, for the infinitely long cylinder, to a solidifica- 
tion time of 220 sec. This is the same length of time 
as was determined for a very long cylinder under due 
consideration of the sand mold. 

It would not be practical to show all graphs of 
isochrones obtained.'! Here only one set is shown in 
way of example (Fig. 1). 

2. Geometric Relationships — Since a comparison of 
the isochrones would not be easy, and since complete 
solidification of the center of the cylinder is of par- 
ticular interest, the times required for such complete 
solidification are therefore studied separately. 


+V. Paschkis, “Solidification Cylinders,” AFS TRANSACTIONS, 
vol. 61, pp. 142-149 (1953). 

‘The graphs may be inspected at Columbia University or at 
AFS Headquarters. 
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Fig. 1—Curves connect all points reaching solidus at 
seconds marked on curve. Pouring temp, 2845 F. Inter- 
face at Riemann Temperature (2444 F) for 20 sec, then 
raised to 2521 F. 
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Fig. 4—Generalized solidification curves for short 
cylinders. 
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Fig. 2—Times to reach liquidus. Curve a: Interface kept 

permanently at Riemann Temperature. Curve b: Inter- 

face at Riemann Temperature for 40 sec, then dropped 

to 0.9 of original value. Curve c: Interface at Riemann 

Temperature for 20 sec, then dropped to 0.9 of original 

value. Curve d: Interface at Riemann Temperature for 
20 sec, then increased to 1.032 of this value. 
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Fig. 3—Times to reach solidus. Curve a: Interface kept 

permanently at Riemann Temperature. Curve b: Inter- 

face at Riemann Temperature for 40 sec, then dropped to 

0.9 of original value. Curve c: Interface at Riemann Tem- 

perature for 20 sec, then dropped to 0.9 of original value. 

Curve d: Interface at Riemann Temperature for 20 sec, 
then increased to 1.032 of this value. 


In Fig. 2, times to reach the liquidus are shown, in 
Fig. 3 times to reach the solidus. For each case the 
times (ordinate scale) refer to the center of the cylin- 
der (mid length). The abscissa axis has two scales: 
one indicates the length of the cylinder in inches, the 
other the ratio L/D (length/diameter) . If this ratio 
is zero, the length is zero and solidification occurs 
in zero time. An infinite value of the length /diameter 
ratio represents the case of the infinitely long cylinder. 

The total solidification time is different in each 
of the four assumptions underlying the four curves. 
But it is noteworthy, that for an L/D ratio of 3 or 
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larger the total solidification time (Fig. 3) is not more 
than 5 per cent shorter than the time for an infinitely 
long cylinder. In case of thermal experimentation 
with steel castings it is therefore sufficient to make the 
length /diameter ratio equal 3. No conclusion may be 
drawn from this finding regarding the required ratio 
for other metals. 

Curve d results in a solidification time for the in- 
finitely long cylinder equal to the expected actual 
time. For further considerations therefore this assump- 
tion alone (casting surface at Riemann temperature 
for 20 sec, thereafter at 1.036 Riemann temperature) 
will be used. 


IV. Conclusions from Results 


1. Extension of Range for Various Diameters — Re- 
sults of the present investigation can be used for the 
determination of solidification of any cylinder. For 
this purpose refer to Fig. 4. Here the ordinate scale 
is expressed in units “Time/(length)?” (Seconds 
square inches), the abscissas in the ratio length /dia- 
meter. One curve (A) refers to the liquidus, the 
other (B) to the solidus. The use of the curves will 
be best understood from the following examples: 

a. What is the solidification time of a cylinder 8 
in. long and 4 in. in diameter? 

Ratio length/diameter = % = 2 
Read “2” on abscissa axis; the “solidus” curve 
reads on the ordinate axis for this value 12.88. 
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Fig. 5-—Comparison of solidification times of slabs with 
that of discs (liquidus). 





SOLIDIFICATION OF FINITE CYLINDERS 


Multiply this value with the square of the length 
(64) to find the solidification time 12.88 x 
64 = 824. 
b. If the cylinder is only 6 in. long, but has the 
same diameter what is the solidification time? 
Now the ratio length /diameter is only % = 1.5. 
Read the curve 21.5; multiply with the square of 
the length 21.5 « 36 = 775 sec. 
c. For the same cylinder what is the time for the 
center to reach the liquidus? 
Use curve A and read on the abscissa L/D = 1.5: 
for this value the ordinate is 7.5. Since the length 
L = 6, L? = 36 and therefore the solidification 
time 36 « 7.5 = 270 sec. 


2. Extension of Range to Discs (ratio length/diame- 
ter below one) —Investigations carried out to date 
cover short cylinders down to a ratio of length /diame- 
ter — |. If this ratio becomes smaller than one, it may 
be appropriate to speak of discs, rather than of cylin- 
ders, Since no computing experiments were carried 
out for discs, the part of the curves in Fig. 2-4 cover- 
ing this range are drawn as broken lines. Moreover, 
there is a basis for estimating the course of the broken 
lines. In Fig. 2 and 3 referring to cylinders (or discs) 
of 2-in. diam, the L/D ratio of zero obtains only if the 
thickness is zero. In this case there is no mass to freeze, 
and the solidification time is zero. 

At very small L/D ratios, say L/D = 0.05 or 0.1, 
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Fig. 6—Comparison of solidification times of slabs with 
that of discs (solidus). 
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freezing undoubtedly takes place only axially. The 
perimeter of the disc has no bearing on the solidifica- 
tion time of its center. For this case the solidification 
time is known. In Fig 5 and 6 the very early part of 
curves d from Fig. 1 and 3 are shown in a much larger 
scale and marked as curves “d,”’ (liquidus) and “d,” 
(solidus). The curves e, (liquidus) and e, (solidus) 
represent the solidification of an infinite slab. But as 
the freezing times of the latter increase rapidly with 
greater thickness, the perimeter of the disc becomes 
active in extracting heat, and the curves d separate 
from the curves e. It is possible to extrapolate curves d 
which have been established for diameter ratios L/D 
= © (to L/D = | for values of L/D = 0.9 and poss- 
ibly 0.8. Thus the region of uncertainty is limited. 

Returning to Fig. 4, the curve is drawn based on 
similar reasoning. At what thickness a disc freezes 
as a Slab (i.e. with the perimeter cooling ineffective 
for freezing the center) depends on the diameter. A 
disc, 1 ft thick will freeze as a slab if the diameter is 
10 ft, the ratio L/D = 0.1. One may then read (Fig. 4, 
solidus curve) freezing time/ (thickness) ? — 219. 

The actual freezing time is 210 & 12? = 31,536 sec 
= 8 hr, 45 min. But if one deals with a small disc of 
only l-in, diam the ratio L/D = 0.1 corresponds 
to a thickness of 0.1 in. and the freezing time is 219 
(0.1)? — 2.19 sec. 

Again investigations are still lacking at what value 
of L/D the curve veers off the limiting value of 219 
to read the established value of 39.1 at L/D = 1.0. 


3. The Chworinoff Relationship—Over the last sev- 
eral years the statements by Chworinoff? attracted 
great attention. The question if Chworinoff’s approxi- 
mation is valid was considered frequently. 

Chworinoff indicates two distinct statements, both 
referring to the shape factor, which is defined as the 
ratio “Volume/Surface Area.” 

a. Bodies having the same shape factor solidify in 
the same time irrespective of their shape. 

b. The ratio of solidification times of two bodies, 
having different shape factors equals the square of the 
two shape factors involved. 

It has been found that Chworinoff’s concept is valid 
when applied to the so-called three “simple shapes”: 
the slab without end effects, the long cylinder and the 
sphere. For bodies of equal critical dimensions (thick- 
ness or diameter respectively) the shape factor of those 
three bodies are in the ratio 1:1/2:1/3, and solidifica- 
tion times vary in the same ratio. 


Deviations from Chworinoff's Theory 


In last years paper, W. S. Pellini*® pointed out, that 
in his work he had found serious deviations from 
Chworinoff’s theory. 

If one accepts Fig. 4 as representing solidification 
times (although computed under disregard of the 
sand), one can use these times to study the validity 
of Chworinoff’s statements. 

The shape factor, S, is defined by the ratio V/A 
(volume /area). If the diameter of a cylinder is called 
D and its length L, let the ratio D/L = B. 

The shape factor of a cylinder is: 
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$=V A= (Dp xb) @D? x + D +L) 
= (DL), (2D + 4L)= Seo = D/2 (B + 2) Pree 


One can now compare the shape factor of a finite cyl- 
inder with that of an infinitely long cylinder. For an 
infinitely long cylinder B = O, and So = D/4. 


9 


Hence S/S o= ere ee eeee se caw ke ak (2) 


According to Chworinoff, the solidification times vary 
with the square of the shape factors. By using S$ values 
for different lengths of cylinders of a constant diame- 
ter and comparing them with the solidification time of 
an infinitely long cylinder, one arrives at the tabula- 
tion in Table 2. 
TABLE 2— SHAPE FACTORS AND RELATIVE 
SOLIDIFICATION TIMES 





Solidification times Relative 
B 1/B 1/S S/Seo (S/Seo)? for D = 2 in, (Sec) Time 





0 oo 20 1 1 220 l 

0.25 4 2.25 2/225 08 211.5 0.96 
0.5 - 4 25 2/25 0.64 206 0.84 
l 1 3.0 2/3 0.444 156 0.71 





If Chworinoff's theory were correct the column 
(S/Seo)? and that of relative times would have to be 
identical. Instead they are different. 

0.8 vs 0.96 
0.64 vs 0.94 
0.444 vs 0.71 

The explanation for the deviation from Chwor- 
inoff’s theory may be as set forth in the discussion by 
the author to last year’s paper by Brandt, Bishop and 
Pellini.* There is relatively much more sand volume 
available if the S value increases. But at the same time 
the sand surface decreases, thus making heat extrac- 
tion more difficult. In other words as the shape factor 
of the casting increases, that of the mold decreases. 
Since both shape factors influence the solidification 
time, their opposite growth makes the simple relation- 
ship anticipated by Chworinoff impossible. 

4. Simplified Expression — It would be of consider- 
able interest if a simple equation could be found, ex- 
pressing the solidification time of cylindrical castings 
in relation to their geometry. Speaking generally, one 
can consider the solidification time of a casting as an 
expression of resistance to heat extraction from the 
casting: the higher that resistance the longer the soli- 
dification time. 

Therefore, it is worthwhile to explore the possibility 
of utilizing this concept for an empirical equation. 

If two resistances R, and R, are connected in pa- 
rallel, then equivalent resistance Ry may be computed 
from Equation 3. 


Now say that R, and R, represent the solidification 
times for very long cylinders and slabs respectively and 
that R, is the solidification time of a cylinder of finite 
length, then Equation 3 represents the empirical equa- 
tion for short cylinders. 

The solidification time of long cylinders of 2-in. 
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diam has been found to be 220 sec; the solidification 
time for cylinders of other diameters may be found by 
multiplying with the ratio of the square of diameter: 
i.e. the solidification time of a 4-in. cylinder is [ (4°), 
(2?) ] & 220 = 880 sec. Similarly that of a cylinder 
of 1-in. diam is [ (1*)/ (2?) ] & 220 = 55 sec. General- 
izing from here one can say that the solidification time 
t. of a cylinder of a diameter D is expressed by Equa- 
tion 4. 

(ae BR (4) 
The solidification time of a large slab can similarly be 
expressed by Equation 5. 

i == dee EF ........ (5) 
(According to previous research* the solidification 
time for a 2-in slab is 857 sec; for reasons of conven- 
ient computation, which will become obvious from 
Equation 6, a time of 880 sec was assumed, which 
results in Equation 5.) 

By using the expressions of Equations 4 and 5 and 
applying Equation 3, one obtains as solidification 
time, ty of a finite cylinder. 

] D* L? 
= 220 ———__; 
1/55D? + 1/220 L? D? +4L? 

Here D and L should be introduced in inches and 
ty in seconds. In Table 3, solidification times from 
Fig. 2 for cylinders of 2-in. diam and varying lengths 
are compared with predictions from Equation 5. The 
equation holds only for steel, having the properties 
used in the present and former papers. 





j. = 


TABLE 3 —- COMPUTED AND APPROXIMATE 
SOLIDIFICATION TIMES 








Length From Fig. 2 From Equation 5 
: =. (95) sec 110 sec 
1.5 in. (128) sec 152 sec 
2 in. 156.4 sec 176 sec 
8 in. 193.8 sec 198 sec 
4 in 206 = sec 206 sec 
8 in. 211.5 sec 217 ‘sec 








SOLIDIFICATION OF FINITE CYLINDERS 


The bracketed figures are from the dotted part of 
the curve, and are therefore approximations only. It 
may be seen that for small lengths and for values 
above two the correlation is good to excellent but in 
between a considerable deviation occurs. 


Further Work 


The results of the present test suggest: 

a. An investigation of the region of D/L = 0 to 1, 
in order to verify the correctness of the “broken lines” 
in Fig. 2-5. 

b. Possibly a further attempt should be made to 
verify the validity of the assumed surface condition. 
This would seem important, obviously from the view 
point of simplying further investigation but also to 
settle definitely the question of the correctness of 
Chworinoff’s theory. 
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ADDENDUM 
The castings under consideration were made ol 
steel cast in sand and against a cast iron chill, The 
thermal properties of the chill were assumed to be 
the same as those of the solidified casting. 
All properties were the same as in former work of 
this laboratory. 
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SOME EFFECTS OF MELTING FURNACE ATMOSPHERES 


ON TENSILE PROPERTIES AND 


ANNEALABILITY 


OF MALLEABLE IRON 


By 


G. E. Kempka* and R. W. Heine** 


Introduction 


Experimental results obtained while continuing 
work on the AFS Malleable Division Research Pro- 
ject forms the basis of this paper. During the past 
year, the principal emphasis in the research has been 
placed on determining what the effects of melting 
furnace atmospheres on mechanical properties and 
annealability are. In the process of making controlled 
melting furnace atmosphere heats for this purpose, 
other tests were made including fluidity, hot tearing, 
and mottling tendency of the iron, and chemical com- 
position changes of the iron and furnace atmosphere 
associated with the different gases. Since melting 
practice is such a determinative portion of this re- 
search, it is detailed in the following section. 


Melting Procedure 


Melting was performed in a 100-lb capacity induc- 
tion furnace lined with a magnesia crucible. Two 
grades of white iron sprue melting stock were em- 
ployed. One was a sprue from a cupola-air furnace 
shop with an analysis of 2.54 per cent C, 1.30 per 
cent Si, 0.41 per cent Mn, 0.147 per cent S, 0.11 per 
cent P. The other grade of sprue was from a cold 
melt air furnace shop and had an analysis of 2.48 per 
cent C, 1.10 per cent Si, 0.37 per cent Mn, 0.087 per 
cent S, and 0.126 per cent P. The following para- 
graphs describe the melting practice employed in 
charging, melting, slagging, superheating and ex- 
posure to the atmosphere being studied: 

A. Sixty-five pounds of duplex or cold melt pro- 
cess, shot blasted, white iron sprue was charged into 
the covered magnesia crucible. 
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B. The initial heats (series A through I in Table 
1) were melted down in the covered crucible, and 
the atmosphere introduced only after melting was 
complete and the holding temperature of 2800 F had 
been reached. Later heats (J through V in Table 
1) were melted down under the controlled atmosphere 
as well as held at 2800 F for a period of 114 hr. For 
the latter heats, the furnace chamber was purged for 
15 min before the power was turned on. All ingoing 
gases were completely dried except those which were 
intentionally saturated with water vapor. In the 
case of combinations of gases, each gas was metered 
into a mixing jar before entering the furnace to ob- 
tain compositions simulating combustion gases. 

C. Approximately 30 min after the power was 
turned on sufficient melting down had occurred so 
that the cover of the crucible could be removed and 
25 lb more of the charge could be added. The last 
charge addition was made about 15 min later. 

D. When the melt down stage was complete and 
the metal temperature reached about 2550 F, slag was 
removed. The time required to reach this step was 
approximately | hr, 15 min. 

E. The melt was then heated to 2600 F at which 
temperature chemical composition adjustments were 
made. These consisted of adding, when desired, pul- 
verized electrode graphite to increase the carbon con- 
tent, and low carbon 85 per cent ferromanganese. 
Ten points of manganese in this form were added to 
all except the heats where the cold melt iron material 
was used as the charge. No silicon additions were 
made at any time. 

F. The holding temperature of 2800 F was reached 
within 20-25 min after slagging off, and about 15-20 
min after the additions were made. The crucible re- 
mained covered at all times except when making 
additions of the charge during melting down and 
when slagging off. These operations required from 
0.5 to 1.5 min each. Temperatures were taken 
through an opening in the cover. Both optical pyrom- 
eter and platinum-platinum rhodium immersion ther- 
mocouple measurements were made. 

G. The controlled atmosphere, regardless of wheth- 
er it was used during melt-down or only over the 
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TABLE 1—-CHEMICAL COMPOSITION AND CASTING PROPERTIES FOR HEATS MELTED UNDER CONTROLLED 
ATMOSPHERE 





Casting Properties 


Chemical Analysis Gas Analysis 











Effluent Atmosphere 
Metal Temperature 





Heat Atmosphere Ingoing Under Over Pouring Fluidity, Hot Tear, Mottle 
No. ZC GZS %Mn %?P % S$ Type Atmosphere 2650 F 2650 F Temp. In. psi 2-in. Bar 
Melted Down in Covered Crucible and Held at 2800 F Under Controlled Atmosphere 
A} 2.30 1.12 48 Highly Co? 2800 22.0 White 
B 2.60 1.25 50 Reducing 2815 30.5 Gray 
C 2.44 1.24 49 2820 24.75 300 White 
D 2.44 1.23 46 Nitrogen N 2815 26.25 335 White 
J 2.67 1.24 46 2800 28.75 280 Slight 
Mottle 
F 2.90 1.21 A8 Oxygen Air 2790 $2.25 320 Gray 
H 2.50 1.23 48 Rich 2825 28.0 210 White 
I 2.30 1.24 48 2810 24.75 230 White 
Melted Down and Held at 2800 F Under Controlled Atmosphere 
J 2.38 1.28 46 123 146 Highly Re- CO-32% CO.<1% CO.<1% 2800 23.0 —' White 
kK 2.52 1.29 46 ducing Com- N-68% 2825 29.25 — Slight 
bustion Gas Mottle 
L 2.35 1.29 46 .128 -157 Normal CO,-13% CO-13% CO-23% 2800 25.75 — White 
M 2.50 1.29 42 Combustion Co,-14% CO,-14% ©CO,-7% 2820 25.75 _ White 
Gas N-73% 
249 1.29 46 124 + «=.146 = Oxygen-Free CO,-21% = CO,-18%, CO,-7.5% 2785 265 — White 
Oo 2.42 1.27 47 Oxidizing N-79% CO-4%, CO-26% 2815 28.75 310 White 
Combustion 
Gas 
P 2.41 1.02 38 126 155 Oxygen Air CO,-1-2% CO.4.5% 2800 24.25 270 White 
2.35 1.03 36 Rich CO-0.0% 2815 24.9 335 White 
O,-16% 
$! 2 34 1.12 32 124 .088 Nitrogen Nz CO,-0.0% CO,-0.0% 2790 24.25 355 White 
9 2.44 1.24 42 H.O Satu- H,O* CO,-12%, CO,-7% 2805 26.9 345 White 
U 2.33 1.25 47 125 151 rated Com- Co,-12% 0.-0.0% CO-24% 2780 20.75 White 
bustion Gas CO-13% 
Ve 2.29 94 34 124 .088 Oxygen Rich Air CO,-1-2% CO,-4% 2810 21.75 280 White 


* Heats A, S, V,—Cold melt iron was used as the charge. All other heats were made with duplex iron. 

* All ingoing atmospheres except those for Heats T and U were dried. All atmospheres were metered, 
* Heats T and U—Relative humidity of incoming atmosphere was 96% at 85 F. 

* Mechanical difficulties with equipment. 








melt, was introduced through a 54-in. diam fused 
silica tube opening directly toward and | in. above 
the surface of the melt. When the iron was melted 
down under controlled atmosphere, the tube was ex- 
tended about 6 in. into the crucible in order to direct 
the gases through the charge. The gas flow was 
maintained at 22 liters per minute for all controlled 
atmosphere heats except those melted under air. Flow 
for the latter gas was 66.6 liters per minute in order 
to obtain a carbon oxidation rate with air equivalent 
to that obtained with CO,. Some oxidation products 
were formed by the air atmosphere and these reduced 
the surface area of melt exposed for decarburization. 

H. Heats A through I were held for 1 hr at 2800 F 
under the applied atmosphere. With the metal at 
2800 F, the furnace chamber was flushed for 15 min 
with the gas before the | hr holding period. Heats 
J through V were melted down under the applied 
atmosphere and then held for a total of 114 hr at 
temperature under the same atmosphere, the atmos- 
phere flow rate being maintained during the entire 
melting cycle. 


I. Gas samples were taken periodically from the 
furnace chamber immediately under the cover of the 
crucible, and analyzed for CO,, O. and CO. Metal 
samples were taken at intervals by sucking them into 
a pyrex tube. Maximum temperature variation dur- 
ing the holding period was +15 F. 


J. At the end of the holding period, the metal was 
poured directly from the furnace into molds with 
the atmosphere flow continuing. Castings were 
poured in the following order: 

a, two tensile test bar molds (two bars per mold, 

one of standard size, the other over-size). 
one fluidity mold 

c. one hot tear test mold 

d. one mottle test bar (2 in. diam bar, 7 in. long) 

four tensile test bar molds 

f. five annealability sample molds (12 test coupons 

34 x 34 x 2 in. per mold) 

g- one fluidity mold 

h. one test bar mold. 


Two tensile test bar molds were poured first in 
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Fig. 1—Induction melting furnace and other apparatus 

used for melting 100-Ib controlled atmosphere heats. Fur- 

nace shown in pouring position. Power remained on and 

immersion thermocouple readings were taken during 
pouring. 


order to preheat the furnace spout before pouring the 
fluidity casting. During pouring the power remained 
on and thermocouple readings of metal temperature 
were taken. The elapsed time of pouring was 7 min. 
The castings were allowed to cool in the sand, and 
were then cleaned by shot blasting. Chemical analy- 
sis samples were taken as turnings from the shank of 
the hot tear test casting. 

Figure | shows the physical set-up of gas tanks, gas 
purifying train, gas analyzer, thermocouple, and pour- 
ing set-up used to make the 100-lb heats. The data 
pertaining to chemical composition of the iron and 
of the furnace atmospheres, type of atmosphere, and 
casting properties are summarized in Table 1. 


Melting Furnace Atmospheres and Composition Changes 


The composition of furnace atmospheres was se- 
lected to embrace conditions which would likely exist 
as a result of combustion in practical melting furn- 
aces. Types of atmospheres applied during melting 
down and holding the iron at 2800 F may be classi- 
fied as follows: 

1. Typical combustion gases. These consist of a mix- 
ture of 12-14 per cent CO, 12-14 per cent COs, and the 
balance of nitrogen. Such a gas mixture might be 
encountered in cupola or air furnaces when carbon is 
incompletely burned with air. While this atmosphere 
might be thought of as relatively neutral, it is actually 
mildly endothermically oxidizing since it can oxidize 
carbon from the melt endothermically. 

2. Endothermically oxidizing combustion gases; 21 
per cent CO,, 79 per cent No. Such a gas mixture 
would be obtained if carbon were completely oxidized 
to CO, with air with no excess of Os. This composi- 
tion represents the gas with the greatest oxidizing po- 
tential possible without the presence of free oxygen or 
water vapor. An endothermically oxidizing gas oxi- 
dizes carbon from the melt, but not silicon. 

3. Reducing combustion gases; 35 per cent CO, 65 
per cent No. If all the oxygen in air is oxidized with 


carbon to CO only, this is the gas mixture obtained. 
The greatest possible potential for reducing conditions 
in the furnace are presented by this composition. 


4. Exothermically oxidizing gases. Free dried air, 21 
per cent O,, 79 per cent N., was used for this atmos- 
phere. A maximum potential for exothermic oxida- 
tion, removing both carbon and silicon from the melt, 
is obtained with this gas mixture. Any combustion gas 
containing free oxygen is capable of exothermically 
oxidizing the melt. 


5. Typical combustion gases containing water vapor. 
The gas mixture of Item | above, containing water 
vapor to the extent of 96 per cent relative humidity 
at 85 F was employed for this melting condition, This 
gas mixture contains about 12 grains water vapor per 
cubic foot of gas. Water vapor is capable of causing 
both carbon and silicon loss from the melt and thus 
seems to be both endothermically and exothermically 
oxidizing. 

Heats F through V in Table 1 were made employing 
the gas mixtures defined above. In addition, Heats A 
through E and Heat S were made to study the effects 
of pure CO and N, atmospheres. 


Atmosphere Composition Changes during Melting 

Gas analyses provided data on the composition of 
gases entering and leaving the melting furnace cham- 
ber. The ingoing gases were controlled in analysis by 
metering equipment. In the case of Heats | to V hav- 
ing the gas applied during the entire melting cycle, 
an abrupt change in effluent gas analysis was found to 
exist over the metal temperature range of 2635 to 
2695 F (immersion thermocouple measurements), The 
composition of the effluent gases resulting from an ap- 
plied atmosphere of a typical combustion gas (Item | 
above) is shown plotted in Fig. 2 as a function of time 
during the melting cycle and temperature of the melt. 

Apparently below 2635 F virtually no chemical re- 
action with the metal occurs which might cause the 
gas composition to change. Therefore, the composition 
of the gas entering and leaving the furnace chamber 
is the same. However, between 2635 F and 2695 F, 
endothermic carbon oxidation begins by the reaction 
CO, (g) + C* — 2CO(g). The effluent furnace at- 
mosphere hence sharply increases in CO content and 
decreases in CO, content. Above the range of 2635- 
2695 F, endothermic oxidation of carbon continues at 
a nearly constant rate as long as the gas flow is con- 
stant according to Fig. 2. 

The importance of this temperature range is further 
indicated in Fig. 3 which shows that all gases contain- 
ing CO., Os, and H,O were influenced in a similar 
manner. In each case in Fig. 3, CO,-rich gases show an 
abrupt decrease in CO, content (an increase in CO 
content as the temperature range 2635-2695 F is 
exceeded. With air as the ingoing atmosphere, an 
abrupt increase of CO, content of the effuent atmos- 
phere is noted above 2635-2695 F. The latter effect is 
due to exothermic oxidation, C + O, (g), and can be 
accompanied by silicon oxidation. 





*C—carbon dissolved in molten iron. 
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TABLE 2—CHEMICAL CHANGES OF CONTROLLED ATMOSPHERE HEATS AT A METAL TEMPERATURE OF 2800 F? 
Minutes‘ 
Heat Atmosphere Before End of Heat, End of Heat, Comments 

No. Type EndofHeat %C ™%C % Si? %Si 

A? 100% CO 60 2.32 2.30 1.10 1.12 Heats A to I melted down 

B 100% CO 65 2.60 1.26 1.25 in covered crucible and held 

C 100% CO 60 2.45 2.44 1.20 1.24 at 2800 F under controlled 

tgue > . ~ c atmosphere. Heats J through 

D on Hy 70 2.45 =e eon — V were melted down and 

007% Na 60 2.67 121 1.24 held at 2800 F with the con- 

b Air, dry 60 3.20 2.90 1.21 125 AS chee append 

H Air, dry 60 281 2.50 1.18 1.22 throughout the entire melt- 

I Air. Dry 60 25] 2 30 1.25 1.94 ing cycle. Silicon content of 

; duplex melting stock is 

J 32% CO, 68% N 80 2.38 2.38 1.27 1.28 —1.25-1.30%. 

K 32% CO, 68% N 85 2.53 2.52 1.29 1.29 
L 13% CO, 14% CO,, 73% N 70 2.42 2.35 1.27 1.29 
M 13%, CO, 14% CO,, 73% N 45 oxen 2.50 1.27 1.29 
21% CO., 79% N 65 2.61 2.49 1.27 1.29 
oO 21% CO., 79% N 70 2.50 2.42 1.24 1.27 
y Air, dry 60 2.55 2.41 1.02 1.02 
R Air, dry 55 2.45 2.35 1.03 1.03 
$ 100% No 80 — 2.34 1.08 1.12 
» 4 18% CO, 12% CO,, 75% N 80 2.58 2.44 1.19 1.24 
U and water saturated 80 2.44 2.33 1.19 1.25 
vs Air, dry 70 2.35 2.29 0.91 0.94 


Carbon and silicon percentage in a sample taken from the 
before the end of the heat. 


melt at 2800 F at the designated number of minutes 


2. All heats made with duplex iron melting stock except those designated as 2. 





% CO , % CO, 


28 


24 


20 


























| Lj | ' , 
HEATS L,M 
tWGOING GAS ANALYSIS 
COs - 12.8% 
CO -13.6% 
No — BALANCE 
* 
7 ve e 7 
% CO 
a 4 
DRY SLAG CLEARS 
2550F ; 
sciaieahitmenaianas 
rs) Se qt 
ria y z o.UmOllL mf / 7 
r = = ° ~ m 74 
= = . - aa %e CO» 
2 3 5 
5 3 2 one ae 
a oO fo} ~“ 
°o °o 
@ @ 
EFFLUENT GAS ANALYSIS i ‘ 
D CO,, BY ANALYSIS 
3 e CO , BY ANALYSIS 7 
© CO , BY DIFFERENCE 
l i i L i 
40 60 80 100 120 


HEAT TIME — MINUTES 


Fig. 2—Composition of effluent melting furnace atmos- 
pheres as related to the time of the melting cycle and 


metal temperature. 


Metal Composition Changes .Related to Furnace 
Atmos>xtere — The metal analyses obtained in heats 
melted under the various atmospheres were positively 
related to the atmosphere type employed. The effects 
of chemical reactions and composition changes oc- 
curring during melting down were distinguished from 
those occurring at the holding temperature. This was 
done by taking metal samples after melt down and 
heating to 2800 F, i.e. early in the holding period, and 
again at the end of the heat. Carbon and silicon per- 
centages for these samples are listed in Table 2. A 
silicon percentage of 1.25-1.30 per cent is characteris- 
tic of the raw material for melting. 

Considering the melting down and holding phases 
of melting separately, certain conclusions regarding 
chemical reactions between the gases and the metal 
are evident from the data in Table 2. With respect 
to the melting down stage of melting, the following 
principles are evident: 

1. Silicon oxidation losses occur during melting 
down only. This is proven in all heats in Table 2 
where there is a detectable oxidation loss. However, 
silicon losses do not occur unless free oxygen or water 
vapor is present in the furnace atmosphere. The iron 
in heats J, K, L, M, N, and O of Table 2 showed a 
final analysis of 1.27-1.29 per cent Si; this being the 
same as the silicon analysis of the charge. Similar sili- 
con values were obtained in all previous work when 
exothermic oxidation was avoided and in these ex- 
periments for atmosphere types consisting of 35 per 
cent CO, 65 per cent N.; 12-14 per cent CO, 12-14 
per cent CO,, balance N2; and 21 per cent CO», 79 
per cent Ny. Thus it is true that even an atmosphere 
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high in CO, did not cause silicon oxidation during 
melting down. Only free oxygen in the gas is really 
effective in causing silicon loss. 

Heats P and R, the duplex iron stock, and heat V, 
the cold melt iron showed about 20 per cent silicon 
— 1.29-1.02 
oss (59 
holding under air. When melting down in the absence 
of circulating air (covered crucible), and employing 
the air atmosphere during holding period only, the 
silicon loss was much lower; a silicon content of 1.21- 
1.24 per cent Si being obtained in heats F, H, and I, 
Table 1. In this case, a silicon loss of only 6.2 per cent, 

1.29-1.21 
( 1.29 
on melting down under a circulating air atmosphere is 
due to the greater oxidizibility of silicon at lower tem- 
peratures and the formation of iron oxide during 
melting down, the latter also occurring more readily 
at low temperature (below 1800 F). 

Accompanying the large silicon losses caused by free 
oxygen was a manganese loss. The oxidation loss as 
obtained by comparing Heats ] through O with P and 
R amounted to about 19.6 per cent; 

0.46-0.37 

oa * 
ently in past work, about 3 to 4 points of manganese 
were lost for each 10 points silicon loss. 

2. Furnace gases high in CO, content (Heats N and 
O) do not cause silicon losses during melting down. 
This conclusion is a corollary of Item 1. 

3. Water vapor in combustion gases causes a sub- 
stantial silicon loss during melting down. This is prov- 
en in Table 2, by comparison of Heats L and M with 
T and U. The former melted down at 1.27 per cent 
Si under dry combustion gases while the latter melted 
down at 1.19 per cent Si under water saturated com- 
bustion gases. However, no silicon losses are caused 
by water vapor in the furnace atmosphere once the 
holding temperature of 2800 F is reached. 


x 100% )) during melting down and 


, 100), was obtained. The greater loss up- 


100 ). As has been experienced consist- 


HEAT TIME — MINUTES 


4. The silicon level of the iron at the end of the 
heat is largely a function of conditions prevailing dur- 
ing melting down. When substantial oxidation losses 
occur during melting down, the final silicon level is 
low. This is proven in Table 2 by a comparison of 
Heats A-I melted down in air under a covered cruci- 
ble, Heats P, R, T, U, and V with Heats J through O, 
the latter showing no melt down loss of silicon and a 
high final silicon. 

In connection with the holding stage of melting, 
the following principles are indicated in Table 2: 

1. No silicon losses occur under any of the furnace 
atmospheres employed once the holding temperature 
is reached. 

2. Silicon pick-up by the melt will occur at 2800 
F if it is available from the lining. Since these heats 
were made in a magnesia crucible only a very slight 
pick-up of a few points of silicon is observed in these 
heats, 

3. Carbon oxidation, i.e. decarburization, occurs 
whenever CO:, O., or H,O are present in the furnace 
atmosphere. The rate of carbon loss from the melt is 
at a maximum for the gas flow rates studied when 
there is a maximum percentage of CO, in the atmos- 
phere. However, the decarburization process does not 
begin appreciably until the melt temperature exceeds 
the range of 2635-2695 F. Above this temperature 
range, melt decarburization proceeds with gases con- 
taining CO, suffering a decrease in CO, content and 
an increase in CO content as described earlier. 

The composition changes noted in this most re- 
cent work have followed the principles described in 
other papers.!?.4 The current work has thrown add- 
ed light on the composition changes which occur 
during the melting down phase of the melting cycle. 
It should be recognized here that the melting cycle 
studied carries two limitations which could alter the 
results obtained. First, the melting furnace gas flow 
rate was held constant. Higher flow rates during melt 
down might encourage a silicon loss from gases con- 
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TasB_Le 3—-TENSILE Test Bar Data! 
Long Cycle, Machined Bars, 0.625-in. Diam. 
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TABLE 4—TENSILE Test Bar Data! 
Long Cycle, Unmachined Bars, 0.625-in. Diam. 








Yield, Tensile Percent 








Yield? Tensile Percent 
Atmos- Strength, Strength, Elon- Atmos- Strength, Strength, Elon- 
phere Heat “Zc. %S psi psi gation phere Heat %C Si psi psi gation 
co Ae 23012 35,900 53,700 22.9 co AS 230 1.12 37,100 54,700 200. 
B 2.60 1.25 35,700 48,300 10.4 B 2.60 1.25 36,700 49,600 10.2 
Cc 2.44 1.24 35,300 51,300 16.9 Cc 2.44 1.24 36,900 51,500 13.0 
N, D 2.44 1.23 38,000 51,800 15.4 Ns D 2.44 1.23 37,700 52,100 14.5 


2.67 1.24 36,400 50,000 13.8 


Air F 2.90 1.21 32,700 36,800 3.1 

H 2.506 1.23 36,300 50,400 13.3 

I 2.30 1.24 39,500 54,600 14.3 

Co, N, J 2.38 1.28 40,200 55,000 19.2 

K 2.52 1.29 39,000 53,100 16.6 

CO,Co, L 2.35 1.29 41,500 55,400 17.9 

N, M 2.50 1.29 39,900 53,400 14.1 

CO,, N- N 2.49 1.29 40,000 53,900 16.8 

Oo 2.42 1.27 41,500 55,900 18.9 

Ail 4 2.41 1.02 39,500 51,400 16.0 

R 2.35 1.03 38,400 51,700 14.5 

N, # 2.34 1.12 39,600 55,100 20.5 

H,O é 2.44 1.24 38,800 51,600 o 

Cco,co, U 2.33 1.25 38,700 52,300 12.8 
N, 

Air sa 2.29 4 36,300 51,200 19.5 


* Average of three test bars. 
*0.5% Elongation Method. 
*Cold Melt Iron, all others duplex iron. 





taining CO, but no free oxygen or water vapor. Sec- 
ond, the metal charge contained no steel. Steel in the 
charge combined with higher flow rates might also 
encourage a silicon loss from gases containing CO, 
but no free oxygen or water vapor. These important 
possibilities should be studied to make more complete 
the understanding of melting furnace atmospheres ef- 
fects in chemical reactions during melting. 
Mechanical Properties 

Tensile test bar castings from each heat were malle- 
abilized in order to determine the effects of melting 
furnace atmosphere on mechanical properties of the 
iron. The white iron bars from each heat were sealed 
in separate 2.50-in. diam x 10-in. tubes and hence 
annealed in their own atmosphere. Annealing was ac- 
complished with the following cycle: a. heat to 1700 
F in 5.50 hrs; b. hold at 1700 F for 40 hrs; c. cool from 
1700 F to 1300 in 6.7 hrs (59.8°F/hr); d. hold at 
1300 F for 30 hrs; e, withdraw containers from furnace 
and cool rapidly to room temperature. 

The long cycle was used merely to be certain that 
those with the poorest annealability, Heats P, R, and 
V, would be fully graphitized. Other bars were an- 
nealed with a much shorter cycle but these will be 
considered in a later section. After malleabilization, 
the oversize bars (0.685-in. diam) were machined to 
0.625-in. diam to remove the skin developed during 
annealing. The bars cast to standard size, 0.625 in. 
diam, were left as annealed (i.e., no shot blasting or 
other treatment was applied to alter the skin). The 
bars were then tested in tension using the 0.50 per cent 


2.67 1.24 35,100 49,500 10.7 


Air F 2.90 1.21 34,800 42,000 5.4 
H 2.50 1.23 37,300 51,900 14.3 
I 2.30 1.24 38,400 52,700 11.2 
CO, N, J 2.38 1.28 39,000 53,500 14.9 
K 2.52 1.29 38,600 52,000 13.4 
Cco,co, L 2.35 1.29 41,000 55,000 13.7 
Ne M 2.50 1.29 39,400 53,400 13.3 
CO,, Ns N 2.49 1.29 39,100 53,400 13.3 
Oo 2.42 1.27 40,800 54,700 15.3 
Air P 2.41 1.02 38,400 50,700 12.9 
R 2.35 1.03 37,900 49,900 10.9 
N, s 2.34 1.12 39,000 53,800 21.8 
H,O - 7 2.44 1.24 38,300 51,300 12.5 
co,co, U 2.33 1.25 38,300 50,600 10.5 
N, 
Air ¥ 2.29 94 35,500 50,400 15.2 


* Average of three test bars. 
*0.5% Elongation Method. 
*Cold melt iron, all others duplex iron. 





total elongation method of determining the yield 
strength. 

Tensile data for the machined long cycle bars are 
reported in Table 3, for the unmachined long cycle 
bars in Table 4. Properties obtained with machined 
test bars are those showing the true effect of melting 
furnace atmosphere and do not introduce the compli- 
cating effect of the skin developed during annealing. 
Therefore, tensile properties of the machined bars will 
be considered as representing the actual effect of 
melting furnace atmospheres. 


Effect of Atmosphere Type — A study of the tensile 
data indicates that the mechanical properties of the 
malleabilized iron are markedly influenced by the 
type of melting furnace atmosphere over the iron. 
Certain important principles may be demonstrated if 
the data in Tables 3 and 4 are properly rearranged as 
they are in Tables 5, 6, 7, 8, and 9. These principles 
include the following. 

1. Nitrogen in the melting furnace atmosphere has 
a pronounced effect of raising the yield strength and 
tensile strength of both the duplex and cold melt mal- 
leable irons. 

The increase in yield strength is largest and amounts 
to 2700 to 6200 psi (a change of 7.5-15 per cent) de- 
pending on metal analysis and atmosphere type. The 
increase in tensile strength is less than that of the 
yield strength and amounts to 500 to several thousand 
psi. The above conclusion is based on the following 
data: 

a. Comparison of properties in Table 5 below of 
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TABLE 5—-EFFEcTs OF CO AND Ng ATMOSPHERES ON TENSILE PROPERTIES 











Atmos- 

phere Heat %C %Si Y.S., psi T.S., psi %EL. Iron 

100% CO A 2.30 1.12 35,900 53,700 22.9 cold melt, white in 
2-in. diam bar 

100% Ne $ 2.34 1.12 39,600 55,100 20.5 cold melt, white in 
2-in. diam bar 

100% CO Cc 2.44 1.24 35,300 51,300 16.9 duplex, cold melt, 
wht. in 2-in. diam bar 

100% No D 2.44 1.23 38,000 51,800 15.4 duplex, cold melt, 
wht. in 2-in. diam bar 

100% CO B 2.60 1.25 35,700 48,300 10.4 duplex, gray in 2-in. 
diam bar 

100% Ne E 2.67 1.24 36,400 50,000 13.8 duplex, slight mottle 


in 2-in. diam bar 


‘Melted down and held under N, atmosphere, others in Table 5 melted down under covered crucible with controlled atmos- 


phere applied at 2800 F. 














TABLE 6—EFFECTS OF No CONTENT OF GAS MIXTURES 
ON TENSILE PROPERTIES" 
Atmos- 
phere Heat %C %Si YS.,psi T.S.,psi %El 
Low Carbon Irons 
65% Ne J 2.38 1.28 40,200 55,000 19.2 
35% CO 
75% Ne L 2.35 1.29 41,500 55,400 17.9 
co, CO, 
79% Ne oO 2.42 1.27 41,500 55,900 18.9 
21% CO, 
High Carbon Irons 
65% N, K* 2.52 1.29 39,000 53,100 16.6 
35% CO 
75% N, M 2.50 1.29 39,900 53,400 14.1 
co, CO. 
79% N, N 2.49 1.29 40,000 53,900 16.8 
21% CO, 


*Mottled in 2-in. diam bar, all others in this table white. 
*All heats made with duplex iron melted down and held at 
2800 F under the applied atmosphere. 











TaBLE 7—-EFFECTS OF WATER VAPOR IN COMBUSTION 
GASES ON TENSILE PROPERTIES* 

Atmosphere Heat %C %Si YS.psi TS.,psi El 

75%, Ne, L 235 129 41,500 55,400 179 

Bal. CO, M 2.50 1.29 39,900 53,400 14.1 

CO,, dry 


Above gas at U 2385 1.25 38,700 52,300 12.8 
96% rel. hum. JT 2.44 1.24 38,800 51,600 11.7 
at 85°F 
*Duplex iron, all heats. Iron fracture white in 2-in. diam 

sprue test. 











TABLE 8 
Atmos- YS. TS. 
phere Heat %C %&%Si psi pai «= HEL Iron 
Air - 2.30 1.24 39500 54600 143 Duplex 

Atmos- 

phere He 2.50 1.23 36,300 50,400 13.3 Duplex 
(Exother- R* 2.35 1.03 38,400 51,700 145 Duplex 
mically Pe 241 1.02 39,500 51,400 160 Duplex 


Oxidizings V* 2.29 94 36,300 51,200 19.5 Cold melt 
*Melted down under covered crucible, exposed to applied at- 
mosphere at 2800 F. 


*Melted down and held at 2800 F under applied atmosphere. 








Heats A and § for the cold melt iron and C and D 
for the duplex iron at a low carbon level, and B and 
E for the duplex iron at a high carbon level. 

b. Comparison of Heats J, L, and O; and Heats K, 
M, and N for the duplex iron as set forth in Table 
6. In these heats, atmospheres simulating combustion 
gases but containing no water vapor or free oxygen 
caused increased yield strength in both high and low 
carbon irons with increasing per cent of Nz in the 
furnace gases. 

The nitrogen effect is further clarified by the next 
conclusion. 

2. A nitrogen-rich atmosphere free of oxygen and 
water vapor is most effective in raising yield and 
tensile strengths when applied during melting down 
and holding rather than when applied during the 
holding period only. 

This is demonstrated for low and high carbon irons 
by a comparison of the properties of Heats J, L, O, 
K, M and N with those of Heats C, D, B and E as 
set forth in Tables 5 and 6, respectively. The former 
heats were melted down and held under atmosphere, 
while the atmosphere was applied to the latter heats 
during the holding period only. 

3. Water vapor in melting furnace combustion gas 
mixtures can cause severe impairment of the tensile 
properties of malleable iron. 

The above principle is proven by a comparison of 
Heats L and M with Heats T and U as set forth in 
Table 7, Actually T and U in Table 7 should be com- 
pared with all the heats in Table 6 to show how 
serious the effects of water vapor can be. The current 
work reveals only two extremes, those caused by dry 
combustion gases and gases at 96 per cent relative 
humidity at 85 F (12.3 grains water per cubic foot). 
‘Additional studies should be made over a range of 
about 0-15 grains water vapor per cubic foot in com- 
bustion gas mixtures, 

4. Free oxygen in the melting furnace atmosphere 
is accompanied by impairment of the tensile proper- 
ties of duplex and cold melt irons whether present 
during melting down or holding or both. 

The properties of Heats I, H, R, P, and V melted 
under air atmospheres and listed in Table 8 compare 
quite unfavorably with those in Table 6 melted under 
combustion gas mixture of N., CO and CO, contain- 
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‘TABLE 9—-MACHINED vS UNMACHINED TENSILE BAR PROPERTIES 
Duplex Iron, Melted and Held Under Controlled Atmosphere at 2800 F, Averaged Values 





Machined Bars 


Unmachined Bars 














Average Average Y Increase 

- in % El. on 
Atmosphere Heat %c* Z“Si YS.,psi TS.,psi %El YS.,psi T.S.,psi %El Machining 
Combustion J 2.38 1.28 
Gases, L 2.35 1.29 41,100 55,400 18.7 40,300 54,300 14.6 4.1 
Low C Iron oO 2.42 1.27 
Combustion K 2.52 1.29 
Gases M 2.50 1.29 39,600 53,500 15.8 39,000 52,900 13.3 2.5 
High C Iron N 2.49 1.29 
Air R 2.35 1.03 
Low C Iron P 2.41 1.02 39,000 50 15.2 38,150 50,300 11.9 3.3 
Water Satu- U 2.33 1.25 
rated Com- 38,750 50 12.3 38,300 51,000 11.5 0.8 
bustion Gases = 2.44 1.24 

*Low carbon irons 2.29-2.44%, C, high carbon irons 2.49-2.67% C. 
ing no free oxygen or water vapor. Air melting furn- Taste 10—HARDNESS OF MACHINED LONG CYCLE 


ace atmospheres do exert the beneficial effects of nitro- 
gen in raising the yield point. This is evident in com- 
paring the yield strength data in Table 8 with that 
of heats made under CO and N, atmosphere, Table 5. 

The presence of free oxygen during melting down 
is not compensated fully by its absence during the 
holding period. Heats C, D, B and E, Table 5, melted 
down under a covered crucible (air) but having CO 
and N as the atmosphere during the holding period 
did not develop as good tensile properties as heats 
melted down in combustion gases free of oxygen 

(heats J, L, O, K, M and N, Table 6). 

The effects of free oxygen in the melting furnace 
gases as enumerated above are complicated by the sili- 
con losses which occur during melting under such 
atmospheres. Part of the impairment of properties no 
doubt results from such oxidation losses. However, 
there is ample evidence in these data that this is only 
partly responsible for the damage. It is expected 
that this point will be clarified as further work is 
done. 

4. Silicon percentage alone, at a constant carbon 
content, does not exclusively control the tensile prop- 
erties of malleable iron. A low silicon iron melted un- 
der favorable melting furnace atmospheres can have 
as good or better tensile properties as a high silicon 
iron melted under less favorable atmospheres. 

The point above may be illustrated by comparison 
of Heats A, S, C and D in Table 5 with Heats U and 
T in Table 7 and R and P in Table 8. 

Effect of Machining Test Bars — The conclusions 
reached in the foregoing section were based on tensile 
data obtained from test bars machined from 0.685-in. 
diam to 0.625-in. diam. The unmachined test bars 
yielded data which was listed earlier in Table 4. The 
same general effects of melting furnace atmospheres 
were noted in the properties of unmachined and ma- 
chained bars although the effects were not so pro- 
nounced nor as consistent. This is believed to be due 
to the complications introduced in the skin of un- 
machined bars. Examination of the bars revealed three 
skin effects that influenced properties obtained with 
unmachined bars, These skin effects are the following: 


Test BARS IN RELATION TO MELTING 
FURNACE ATMOSPHERE 








Atmosphere Type Heat No. Hardness, Average 
Holding Period 
Only 
co A 73 
co B 72 
co C 72 
Nz D 73 
Nz E 73 
Air F 68 
Air H 72 
Air I 73 
Meltdown and 
Holding Period 
Ne, CO J 73 
N,, CO K 73 
N,, CO, CO, L 74 
Nz, CO, CO, M 76 
No, CO, N 75 
N,, CO, Oo 75 
Air P 72 
Air R 73 
Ne S$ 73 
Ne, CO, CO,, H,O ¥ 75 
Nz, CO, CO., H,O U 75 


‘Cold melt iron, all others are duplex iron. 





1. pearlite rim 

2. ferrite rim 

3. oxide penetration (iron oxide penetration to- 

ward the bar interior) . 

Mixture of the above skins occurred in some bars. 
Evidently the annealing conditions of these experi- 
ments did not prevent metal surface-annealing atmos- 
phere reactions. The machined test bars are therefore 
regarded as the true gauge of metal properties as in- 
fluenced by melting furnace atmospheres. Even so, 
averaged values of properties of low and high carbon 
irons melted under various atmosphere types furnish 
valuable information as revealed in Table 9. The ef- 
fects of melting furnace atmospheres, stated earlier for 
the machined bars only, are well illustrated in Table 
9. The damaging effects of water vapor and free 
oxygen are especially clear in Table 9. 

Effects of Furnace Atmosphere on Hardness — The 
Rockwell B hardness of the completely graphitized 
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long cycle tensile test bars from each heat is listed 
in Table 10. The hardness values in Table 10 cor- 
respond to the tensile properties in Table 4. A small 
effect of melting furnace atmosphere on Rockwell B 
hardness shows up in Table 10. Maximum hardness 
appears to exist when the metal is melted down and 
held under the furnace atmospheres composed of mix- 
tures of combustion gases highest in nitrogen percent- 
age. Thus the effects of melting furnace gases on ten- 
sile properties as discussed earlier appear to be accom- 
panied by small but similar effects on hardness. 

Effect of Carbon Content — Lower tensile prop- 
erties, especially ductility, were developed as the car- 
bon content of the iron increased regardless of melting 
furnace atmosphere. However, mottling is a complicat- 
ing factor. Heat B at 2.60 per cent C, 1.25 per cent 
Si, has poorer properties than Heat E at 2.67 per cent 
C, 1.24 per cent Si, (see Table 5). The latter iron 
melted under N, atmosphere is almost completely 
white, whereas the former is gray when both are cast 
in a 2-in. diam bar. 

Effect of Annealing Cycle — Some of the test bars 
were annealed with a shorter annealing cycle than 
that employed for bars listed in Tables 4-9. The cycle 
consisted of the following steps: a. heat to 1700 F in 
5.50 hrs; b. hold at 1700 for 12 hrs; c. cool to 1300 F 
in 6.5 hrs; d. hold at 1340 F for 12 hrs; e. air cool to 
room temperature. A summary of properties obtained 
with these bars for the important atmosphere types 
is given in Table 11. Comparison of Table 11 with 
Table 9 reveals that the properties of the short cycle 
bars are quite similar to those of the long cycle in the 
bars tested. 

A slightly lower per cent elongation was obtained 
in the bars annealed with the shorter cycle. However, 
in the bars tested, the differences in properties caused 
by melting furnace atmospheres appear to be the same 
for both long and short cycles; for example, water 
vapor in combustion gases causes a definite impair- 
ment in properties in both long and short cycle bars. 


Discussion (Mechanical Properties) 


Melting furnace atmospheres have been found to 
cause pronounced changes in the tensile properties of 
malleable irons. Questions may be raised as to the 
mechanism whereby certain gases can alter the prop- 
erties. The following points may be raised: 


TABLE 11—-TENSILE PROPERTIES OF MACHINED SHORT 
Cycite Bars 





Average 





Atmosphere Heat %C 7%Si YS.,psi TS.,psi %El 





2.38 1.28 
2.35 1.29 39,800 55,400 15.9 
2.42 1.27 


Combustion J 
L 
Oo 
Combustion kK & 1.29 
M 
N 
R 


Gases 


Gases 2.50 1.29 39,700 54,100 15.6 
2.49 1.29 
Air 2.35 1.03 
39,100 51,900 14.5 
Pr: 33 1.02 
Water Satu- U 233 1.25 
rated Combus- T 2.44 1.24 38,200 52,100 12.5 
tion Gases 
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1. How does nitrogen raise the yield strength of 
the malleabilized iron? 

. What causes water vapor to produce low per 
cent elongation and yield and tensile strength 
properties? 

3. Why should oxidizing melting conditions im- 

pair tensile properties? 

These and other questions could be partially an- 
swered at this time. However, further study will be 
made of the effects of melting furnace atmospheres on 
properties, Added data should make these and other 
questions easier to answer. For the time being, certain 
facts might be pointed out. Nitrogen has solubility in 
molten cast iron. A few hundredths per cent of nitro- 
gen in the ferrite of the malleablized iron is known 
to raise its yield strength. However, it must be ad- 
mitted that the lower yield and tensile strength ob- 
tained when melting under CO rather than nitrogen 
could be a negative effect of the CO; i.e., the nitrogen 
atmosphere might provide a base value which by com- 
parison shows CO, a reducing atmosphere, to be 
harmful. 

The harmful effects of water vapor may be related 
to two observations. First, it was noted that water in 
the melting furnace atmosphere caused a very poor 
type of graphite to develop during graphitization. 
There was much graphite of the flaky and sprawly 
type in the bars from Heats T and U. It is not in- 
tended to ascribe poor tensile properties entirely to 
the water vapor effect on the graphite. A change in 
solidification characteristics which resulted in micro- 
voids would also lower the properties. Such voids illus- 
trated in Fig. 4, were observed in a malleabilized 
tensile bar and in the white iron from Heats T and U, 
those made under combustion gas mixture containing 
12.3 grains of water vapor per cubic foot at 85 F. 
The voids in the white iron are shown in Fig. 4b. 
Thus, it may be concluded that water vapor in melt- 
ing furnace atmospheres alters the freezing process 
of the iron in same way to the extent of causing micro- 
voids, 

An interesting effect was observed in tensile bars 
from heats employing free oxygen in the atmosphere. 
Heat V, cold melt iron melted under air atmosphere, 
exhibited 19.5 per cent elongation while Heat S, cold 
melt iron melted under N, atmosphere exhibited 20.5 
per cent elongation. However, the plastic flow be- 
havior of these bars was quite different as illustrated 
in Fig. 5. Many tiny cracks, revealed in the right bar 
of Fig. 5 lower, and in the same bar, magnified in Fig. 
5 upper, contribute to the overall 19.5 per cent elonga- 
tion of the bars from Heat V while uniform plastic 
flow permits the 20.5 per cent elongation of the bars 
from Heat S. The latter has a smooth surface. Hence, 
the plastic flow characteristics of the two irons seem to 
differ more than is indicated by the elongation values. 
Some of this difference may be due to a low graphite 
nodule number in the V bars (see section on nodule 
count). However, actual difference may exist in the 
ferrite. At any rate, the oxidizing melting furnace 
atmosphere caused this effect to occur, directly or in- 
directly. Low tensile properties may in part result 
from this localized cracking phenomenon. 


ho 
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Annealability 


The effects of melting furnace atmospheres on 
graphitizing behavior in the malleablizing heat treat- 
ing cycle was studied. A standard test coupon 34 x % 
x 2-in. was employed for this purpose. Twelve of these 
coupons attached to a central runner were cast in one 
green sand mold, Each test coupon thus consisted of 
an individual green sand casting. These were allowed 
to cool in sand from the pouring temperature and 
were then shot blasted. About 60 annealability test 
coupons were available from each heat listed in Table 
1. The samples were packed in pipe containers, sealed 
in, and hence annealed in their own atmosphere. 

First Stage Graphitization The effects of melting 
furnace atmospheres on first stage graphitization 
(hereafter referred to as FSG) were studied by de- 
termining for each heat the time required for the 
elimination of carbides at 1700 F. The samples were 
heated to 1700 F, in 5.5 hrs and then held at that 
temperature. At intervals, containers having castings 


Fig. 4A (Left)—Microvoids in malleable iron bar from 
Heat T. Mag.—500x. Fig. 4B (Below)—Microvoids 
in white iron tensile test bar from Heat T. Mag.—250x. 
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4 + ¢ Fig. 5 (Lower)—Comparison of surfaces of machined 

% test bars after tensile testing. Bar on the right is from 

/ ae Heat V; 2.29% C, 0.94% Si; 36,300 psi YS, 51,200 psi 

. 4 * : TS, 19.5% El.; air melting furnace atmosphere. Bar on 

‘sia . > lett is from Heat S; 2.34% C, 1.12% Si; 39,600 psi YS, 

: peg “ ; 55,100 psi TS, 20.5% El.; nitrogen melting furnace at- 

“= é %s ia mosphere. Fig. 5 (Upper)—Bar from Heat V magnified 
# ee A about 5x. 














G. 


= 


F 


RON 





G. E. KEMPKA AND R. W. HEINE 


63 


TABLE 12—-TiMeE REQuIRED FOR First STAGE GRAPHITIZATION 





Time at 1700 F, Hr 














Heat ebidee =f edited 
Atmosphere No. %C %, Si 5 6 9 16 20 25 30 
: com- he uth “ a r 
co A 2.30 1.12 plete 
com- 
B 2.60 1.25 Inc. plete 
com- 
Cc 2.44 1.24 Inc. plete 
com- 
N, D 2.44 1.23 Inc. Inc. plete 
com- 
E 2.67 1.24 Inc. Inc. plete 
com- 
H 2.50 1.23 Inc. Inc. plete 
Air com- 
I 2.30 1.24 Inc. Inc. plete 
com- 
co,N, J 2.38 1.28 Inc. Inc. plete 
com- 
K 2.52 1.29 Inc. Inc. plete 
com- 
co, CO, L 2.35 1.29 Inc. Inc. Inc. plete 
N, com- 
M 2.50 1.29 Inc. Inc. Inc. plete 
com- 
CO,, Ne N 2.49 1.29 Inc. Inc. Inc. plete 
com- 
Oo 2.42 1.27 Inc. Inc. Inc. plete 
com- 
Air P 2.41 1.02 Inc. Inc. Inc. Inc. plete 
com- 
R 2.35 1.03 Inc. Inc. Inc. Inc. plete 
com- 
N, Ss 2.34 1.12 Inc. Inc. Inc. Inc. plete 
com- 
H,O, CO T 2.44 1.24 Inc. Inc. Inc. plete 
com- 
CO,, Nz U 2.33 1.25 Inc. Inc. Inc. plete ; 
com- 
Air Vv} 2.29 0.94 Inc. Inc. Inc. Inc. Inc. Inc. plete 


* Heats A, S, and V were made using cold melt iron. All others were duplex iron. 








from each heat were removed and cooled rapidly from 
1700 F to room temperature by immersing the pipe 
container in water. Metallographic examination for 
massive carbides in the matrix of fine pearlite pro- 
duced by the rapid cooling operation yielded the data 
reported in Table 12. The data in Table 12 may be 
rearranged in order of increasing time required for 
FSG at 1700 F as in Table 13. From Table 13, certain 
conclusions may be stated including the following: 

1. The shortest FSG time at 1700 F is obtained for 
both duplex and cold melt iron when the metal is 
held under a reducing atmosphere (100 per cent CO). 
This is illustrated in Table 13 by a comparison of 
Heats C and A with all other heats, also by compar- 
ing Heats C and A with Heats D and S particularly. 

a, The influence of a reducing atmosphere over- 
shadows the effects of silicon percentage in the 
iron. This is demonstrated by a comparison of 
Heat A with S, C with D, and A and C with all 
other heats except P and V, the latter suffering a 
very large silicon oxidation loss. 


2. Nitrogen-rich atmospheres present during melting 
down retard FSG. This is demonstrated in Table 13 
by comparing Heats A, C, D, and H, with K, M, N, T, 
P, N, and S (Nz introduced over the melt during 
melting down as well as holding). Comparison of 
Heats A and S, cold melt iron of almost identical 
silicon and carbon percentages, especially shows the 
increased time required for FSG caused by Nz in 
the melting furnace atmosphere; 5 hrs at 1700 F for a 
CO atmosphere as compared with 20 hrs at 1700 F 
for an Ny, atmosphere showing the magnitude of the 
time increase involved. 

3. A melting furnace atmosphere of combustion 
gases saturated with water vapor has no effect of re- 
tarding FSG which is attributable to water vapor. 
This is demonstrated by a comparison of Heats L and 
M with T and U in Table 13. 

4. Exothermic oxidation of the iron extends the 
time required for first stage graphitization. This is 
partly due to a lower silicon percentage although the 
lower silicon content does not fully explain the re- 
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TABLE 13—-EFFEcTs OF MELTING FURNACE ATMOS- 
PHERES AND CHEMICAL COMPOSITION ON First STAGE 
GRAPHITIZATION OF MALLEABLE CAST IRON 


Time Required 






































for FSG 
Atmosphere Heat %C %Si at 1700 F, Hr 
Melted down A? 2.30 1.12 5 
in covered co B 2.60 1.25 6 
crucible and Cc 2.44 1.24 
wana “  ° ° ° °»+=FF DBT - 
under con- Ns E 2.67 1.24 
trolled ae”: 2, a 9 
atmosphere I 2.30 1.24 
Melted down CON, J 2.38 1.28 
and held K 2.52 1.29 
at 2800 F Coc. ££ ts eS : 
under con- Ng M 250 1.29 
trolled ~ CO.N; N 249 1.29 — 16 
atmosphere Oo 2.42 1.27 
H,O.CO T 244 124 — 
CO,N, U 2.33 1.25 
~ Air P 241 1.02 soe i 
R 2.35 1.03 20 
a 3 Sf £8 in 
_  e oa om ee 


1 Heats A, S and V were made using cold melt iron. All others 
were duplex iron. 





tarded FSG time caused by exothermically oxidizing 
melting atmospheres. These facts are demonstrated by 
a comparison of Heats H with A and C, and Heats P, 
V, and R with J, L, O, and U. 

As defined by the AFS Malleable Research Com- 
mittee, the conclusions stated above apply to a study 
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of time required for FSG to microstructures equiva- 
lent to a commercial anneal in which scattered traces 
of minute, residual carbides might remain. Complete 
removal of all vestiges of carbides during FSG is con- 
sidered separately as of academic interest. 

Second Stage Graphitization — The effects of melt- 
ing furnace atmosphere on second stage graphitiza- 
tion (hereafter referred to as SSG) were studied in two 
ways. One method was to observe the response of 
SSG to different cooling rates through the tempera- 
ture range of 1475 F down to 1300 F. The other was 
to observe the time required for complete SSG at an 
isothermal temperature, both 1340 F and 1300 F being 
investigated. In both methods the samples were first 
stage graphitized in sealed pipe containers. The con- 
tainers were heated to 1700 F in 5.5 hrs and held at 
1700 F for 40 hrs. 

Second Stage Graphitization with Varying Cooling 
Rate — After FSG, the samples were cooled to 1475 F 
in 3.5 hrs. Cooling rate was then controlled from 1475 
F down to 1300 F. Rates of 10, 20, 30, 40, and 60° F 
were employed. After reaching 1300 F, the iron was 
then rapidly cooled to room temperature. Metallo- 
graphic examination revealed the completeness of 
SSG produced by the cooling rate in question. The 
percentage of pearlite remaining after the treatment 
was estimated as a means of following the overall ef- 
fect of the different cooling rates. If all pearlite or 
spheroidized carbides were absent, SSG was called 
complete and a 100 per cent ferritic matrix was ob- 
tained. A summary of metallographic examinations as 


TasLe 14—EFFECcTs OF MELTING FURNACE ATMOSPHERE ON COOLING RATE REQUIRED FOR SECOND STAGE 
































GRAPHITIZATION 
Heat Microstructure after cooling from 1475 F to 1300 F+* 
No. Atmosphere Type Iron %G % Si 60°F/hr 40°F/hr 30°F/hr 20°F/hr~=: 10°F /hir 
Applied During Holding 
Period Only 
A 100% Co cold melt 2.30 1.12 10P" 2P | 0 0 0 
B 100% Co duplex 2.60 1.25 2P 0 0 0 0 
Cc 100% Co duplex 2.44 1.24 5P 0 0 0 0 
D 100% Nz duplex 2.44 1.23 25P 10P 2P 0 0 
EB 100% Ny duplex 2.67 1.24 10P 1SC? 1SC 0 0 
H Dry Air duplex 2.50 1.23 10P ISC 1SC | 1SC | 0 
I Dry Air duplex 2.30 1.24 25P 10P 2P 1SC 1SC 
Applied During Melt Down 
and Holding 

J $2%, CO, 68% N, duplex 2.38 1.28 5P ISC 1SG 0 0 
K 324% CO, 68% N, duplex 2.52 1.29 5P 1SC 0 0 0 
2 13%, CO, 14% CO,, 73% N; duplex 2.35 1.29 5P 5P 2P | 0 0 
M 13% CO, 14% CO,, 78% Nz duplex 2.50 1.29 5P 2P 1SC 0 0 
N 21% CO,, 79% Ne duplex 2.49 1.29 5P 2P 1SC ISC 0 
oO 21% CO,, 79% Nz duplex 2.42 1.27 5P 2P 2P 1SC 0 
Pp Dry Air duplex 2.41 1.02 40P —_— —— 10P ) 2P 
R Dry Air duplex 2.35 1.03 40P — _— 5P 2P 
Ss 100% N, cold melt 2.34 1.12 25P —_— mae 10P 2P 
T 13% CO, 12% CO,, Ne duplex 2.44 1.24 5P 2P 1SC 0 0 
U water saturated duplex 2.33 1.25 2P 2P ISC | 0 0 
Vv Dry Air cold melt 2.29 0.94 80P ‘eitiont poe Eat 50P 40P 


*P is estimated percentage pearlite remaining: viz. 10P is 10% pearlite, balance ferrite and temper carbon, 0 is no pearlite and 


100%, ferrite. 


* ISC, scattered spheroidized carbides, 1% or less of microstructure, balance is ferrite, no pearlite. 








a, a sf ofa 
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va- TaBLe 15—TIMeE REQUIRED FOR SECOND STAGE GRAPHITIZATION AT 1340 F! 
oa Time at 1340 F, Hr. 
ete Heat 
n- Atmosphere No. %¢C % Si 0 3 6 9 12 15 
Bess, A? 2.30 1.12 Inc. Inc. Complete Aad Aes, * ide Te CaaS 
It co B 2.60 1.25 Inc. Complete 
za- Cc 2.44 1.24 Inc. Complete 
wo D 2.44 1.23 Inc. Complete 
of No E 2.67 1.24 Inc. Complete 
ra- H 2.50 1.23 Inc. Complete 
yas Air I 2.30 1.24 Inc. Inc. Complete 
” CO, N J 238 «1.28 Inc. Complete 
ng K 2.52 1.29 Inc. Complete 
rst 
co,co, L 2.35 1.29 Inc. Complete 
m- Ne M 2.50 1.29 Inc. Complete 
at 
CO,,N; N 2.49 1.29 Inc. Complete 
Oo 2.42 1.27 Inc. Complete 
ng ‘ , 
FF Air P 2.41 1.02 Inc. Inc. Inc. Inc. Complete 
Aa. 2.35 1.03 Inc. Inc. Inc. Complete 
75 
F No S 2.34 1.12 Inc. Inc. Inc. Complete 
fas H,0,CO, i 2.44 1.24 Inc. Complete 
lo- CO.,N U 2.33 1.25 Inc. Complete 
of Air aa 2.29 0.94 Inc. Inc. Inc. Inc. Inc. Inc. 
he Time necessary for removal of pearlitic carbides at 1340 F, cooled from 1700 to 1340 in 4 hr. 
nt *Heats A, S, and V were made using cold melt iron. All others were duplex iron. 
ef *Sample V was also incomplete after 30 hr at 1300 F. 
or ; : + ; 
ed related to cooling rate, melting furnace atmosphere, atmosphere, was completely graphitized with a cool- 
b. and composition is presented in Table 14. The data in ing rate of 30° F/hr. Apparently the lower silicon 
as Table 14 makes possible statement of the following content cold melt iron is even more sensitive to the 
conclusions: nitrogen effect than is the duplex iron. 

1. A 100 per cent carbon pene hg. Surmace 3. The effect of nitrogen in retarding SSG appears 
atmosphere ee oo most rape SS a pra ie to be quite sensitive to the percentage of nitrogen in 
‘oat nM» = : Pipa probe. ge ge -— } 8 the melting furnace atmosphere. 

ieee Ww oa - at vag 3 ee sate oa Heats N and O, melted under a gas containing 79 
i A, as w . . > ws 
-- 0 tot cee panaeigncitctgnn: rad = ope per cent Ng, required a cooling rate of 10° F/hr to 
a4 5 sy _ oe 7 ae ag tage wi . ith produce complete SSG, while Heats J and K, melted 
. No, xture wi . . : 

a SS Ne eee _ repo cg separ apd ‘ under a gas containing 68 per cent No», could be cooled 
highest CO and lowest Nz percentage, Heats J and K, at a rate of 20-30° F/hr 
possessed the most rapid SSG response, 20-30°F /hr for et ; 
complete graphitization 4. The effect of nitrogen in melting furnace atmos- 

2. Nitrogen in the melting furnace gases causes re- pheres of NRE ame to SSG pieces to be 
sistance to SSG to develop in the iron; i.e., by compar- pees Seater — wre ae tne daar 
ison with CO-rich atmospheres a slower cooling rate is a Sean de the heat rather than during 
required for complete SSG of the iron. nd ~- = bs Y. : 

Heats D and E, held under No, required a cooling . ver . ees t oa. - a oe cos =o. Prasenetpe nye aia 
rate of 20° F/hr to produce complete SSG as com- 5 nemngaPeaee! my 2 - - os cote O than 
pared with the 40° F/hr needed for Heats B and C, seer nia or ricats wr E of the duplex iron. 
held under a CO atmosphere. Furthermore, among as atter heats pee cage to Ne + “A the = 
gas mixtures of CO, COs», and Ng, increasing nitrogen prove po, See 0 bs cing Curing me os ti e 
percentage in the melting furnace gas mixture is ac- & ).1 ou ae as + even thougn the Jatter 
companied by increasing resistance to SSG of the iron. oS ee 6 ee ae 
For exampie, iron from Heats J and K melted down 5. Where silicon oxidation losses are not a factor, 
and held under an atmosphere of 32 per cent CO, maximum resistance to SSG was displayed by iron 
68 per cent No, needed a cooling rate of only 30-40° melted under atmospheres containing both oxygen 
F/hr for complete SSG, while iron from Heats N and and nitrogen. 

O melted down and held under an atmosphere of 21 Heats H and I, held at 2800 F under an air atmos- 

per cent CO, and 79 per cent Nz required a cooling phere, required a cooling rate of 10° F/hr or less to 

rate of 10° F/hr. In addition, Heat S, cold melt iron ensure complete SSG. It is especially noteworthy that 
4 melted under a 100 per cent N, atmosphere, was not this conclusion does not need to be qualified by any 
i 





completely graphitized with a cooling rate of 10° 
F/hr, while Heat A, cold melt iron held under a CO 


difference in silicon content in the irons being com- 
pared. Heats B and C, held under CO atmospheres 
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and completely graphitized with a cooling rate of 40° 
F /hr, may be directly compared with Heats H and I, 
held under air atmosphere and not completely graph- 
itized even with a cooling rate of 10° F/hr. Even the 
substantially lower silicon Heat A, melted under CO 
atmosphere, is completely graphitized at 30° F/hr. It 
is therefore evident that the SSG retarding effect is 
due to oxygen and nitrogen in the melting furnace 
atmosphere and is not due to a lower silicon percent- 
age from oxidation losses. Of course, when oxidation 
losses of silicon do occur, resistance to annealing is 
further increased. That increased resistance to SSG 
may be caused by oxygen alone is proven if Heats H 
and I are compared with D and E. 

6. Maximum resistance to annealing is encountered 
when exothermic oxidation during melting results in 
low silicon percentage in the iron. 

The above conclusion is demonstrated by Heats 
P, R, and V in Table 14. Exothermic oxidation is 
most likely to occur when free oxygen is present in 
melting furnace gases during the melting-down stage 
of melting. 

7. Water vapor, to the extent of 96 per cent rela- 
tive humidity at 85 F in a combustion gas mixture of 
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1. Irons showing maximum resistance to annealing 
in the SSG cooling rate study also showed the same 
characteristics under isothermal graphitization. Heats 
P, R, S, and V in Tables 15 and 16 demonstrate this 
point. 

2. Isothermal SSG at 1340 F does not appear to be 
as sensitive to difference in graphitization character- 
istics of the iron as does SSG during continuous cool- 
ing over the temperature range 1475 to 1300 F. 

For example, the differences in SSG behavior be- 
tween Heats J, K, L, M, N, and O which shows up in 
Table 14 (continuous cooling) do not appear in 
Table 15 (isothermal SSG at 1340 F). It would thus 
appear that isothermal graphitization at 1340 F, or a 
delay in cooling at 1340 F, is a means of minimizing 
some of the differences in SSG characteristics which 
are caused by melting furnace atmospheres. 

Graphite Nodule Type and Number — With irons 
of widely different response to FSG and SSG it might 
be expected that marked differences in graphite nod- 
ule type and number could exist after heat treat- 
ment. Such differences were noted. Heats with marked 
resistance to graphitization such as V, P, R, S were 
found to have low nodule counts. For example, Heat 














13 per cent CO, 12 per cent CO., 75 per cent No, V, the most resistant to both FSG and SSG, had a 
when present in the melting furnace atmosphere had nodule count of 23 nodules per square millimeter. ] 
no effect of retarding SSG. Nitrogen melting furnace atmosphere was found to ‘ 
This is proven by a comparison of Heats T and U markedly decrease nodule count in the cold melt iron. ’ 
with M and L in Table 14, all four heats requiring a Heat S, melted under nitrogen atmosphere, had a I 
cooling rate of 20° F/hr to cause complete SSG. nodule count of 56 as compared with Heat A, melted I 
8. It is now evident that comparisons of the effect under CO atmosphere and having a nodule count of f 
of silicon percentage in the iron on the SSG behavior 132 nodules per square millimeter. ] 
(and FSG as well) of malleable irons are only valid Graphite nodule counts were made on tensile test 
if they are made in irons melted under carefully con- bars given the long and short annealing cycles de- 
trolled melting furnace atmospheres. scribed in the section on mechanical properties. The 
Isothermal Second Stage Graphitization — For iso- counting procedure was described in Reference | and p 
thermal SSG graphitization, the samples were given a gives a nodule count in nodules per square millimeter n 
FSG treatment of heating to 1700 F in 5.5 hrs and of sample surface area, The results are reported in a 
holding 40 hrs. Some samples were cooled to 1340 F Table 17. However, the values in Table 17 are of a 
in 4 hrs and isothermally graphitized at that tempera- doubtful significance because the count includes sev- 
ture. Others were cooled to 1300 in 4.5 hrs and held eral types of graphite particles. One graphite nodule e 
at that temperature. Samples were withdrawn at in- type is compact and dense in structure. The other ” 
tervals from the furnace after reaching the isothermal type is flaky, sprawly, and loose in structure. Accom- ™ 
SSG temperature. Metallographic examination was panying either of these types, but especially the lat- Ic 
employed to determine the completeness of SSG. The ter, there may be present numerous isolated flakes ol 
data obtained by this means are listed in Tables 15 of graphite. - 
and 16 for the 1340 F and 1300 F temperatures respec- If the count is based on counting all separated a. 
tively. Conclusions which may be reached on the basis graphite particles as nodules, the count is greatly in- a 
of these tables include the following: fluenced by the number of flakes present. The counts fu 
m 
Tas_Le 16—TimeE REQuIRED FOR SECOND STAGE GRAPHITIZATION AT 1300 F? hi 
Ir 
Sample Time at 1300 F, Hr W; 
Atmos- Heat 
phere No. %C % Si 12 18 24 30 36 m 
A? 2.30 1.12 Complete Complete - 
co B 2.60 1.25 Complete Complete ok 
rl Mi oo % ae Pens de 
; E 2.67 1.24 Complete Guahen “ 
Air H 2.50 1.23 Incomplete Incomplete Complete Complete | 
I 2.30 1.24 Incomplete Incomplete Complete Complete ee 
0 


*Heat A was made with cold melt iron, all others with duplex iron. 
* Time necessary for removal of pearlitic carbides at 1300 F, cooled from 1700 F to 1300 F in 4 hr. er 
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TABLE 17—-NUMBER OF GRAPHITE NODULES AS RE- 
LATED TO MELTING FURNACE ATMOSPHERE 





Number of Graphite Particles 
per sq mm Surface Area’ 








Atmosphere Long Cycle Short Cycle 
Heat No. Iype Tensile Test Bars Tensile Test Bars 

A? co 132 135 
B co 146 120 
Cc CO 130 125 
D N; 121 97 
E Ns 139 105 
H Air 128 107 
I Air 106 110 
J CoO, N, 94 116 
K CO, N, 107 122 
L CO, CO., N; 116 

M CO, CO,, Nz 137 105 
N CO,, Nz 120 88 
oO Co,, Ns 83 121 
P Air 80 54 
R Air 82 84 
S? Nz 56 60 
I CO, CO., N. 125 142 
U H,O 134 122 
V2 Air 23 24 


‘Counting procedure described in Reference 1. 
* Cold melt iron, all others duplex iron. 





listed in Table 17 include all observable graphite 
particles, Differences in graphite nodule type and 
count are thus not clearly evident from the data in 
Table 17. Some more descriptive and quantitative 
means of presenting the differences in nodule type and 
number should be employed other than that used 
for the data in Table 17. It is expected that this prob- 
lem will be straightened out in future research work. 


Casting Properties 

In making the castings from the controlled atmos- 
phere heats used for the mechanical property and an- 
nealability studies, some observations were made on 
mottling tendency, fluidity, and hot tearing character- 
istics of the iron. 

Mottling Tendency — The results of mottling tend- 
ency tests are reported in Table 1. Most of the heats 
were made at a low enough carbon content so that a 
white fracture was obtained in the 2-in. diam x 7-in. 
long mottle test bar. However, the anticipated effect 
of CO atmospheres in causing primary graphitization 
and of N» in decreasing it was evidenced in Heats B 
and E respectively. The fracture appearance of these 
two irons is shown in Fig. 6. The nitrogen melting 
furnace atmosphere is shown in Fig. 6 to cause a 
marked increase in resistance to mottling even at the 
high carbon content of 2.67 per cent in the duplex 
iron. This effect has been proven in past research and 
was reported in Reference 1. 

In mixtures of the gases CO, COz, and No, Heat K, 
melted under the most reducing mixture of 32 per 
cent CO and 68 per cent Nog, slight mottling was 
observed at 2.52 per cent C in the duplex iron. Evi- 
dently the CO effect on mottling prevails under this 
reducing melting furnace atmosphere condition. From 
these observations, it is evident that when mottling 
occurred in the 100-Ib heats of this investigation, it 
followed the general principles developed with small- 
er heats and described in Reference 1. 


67 


Fluidity and Hot Tearing Tendency Fluidity 
tests and hot tearing tests were taken in the course 
of pouring the heats. The data for these tests are re- 
ported in Table 1. These properties for the present 
100-Ib heats largely duplicated those obtained with 
the smaller heats and reported in Reference 1. No 
further comments will therefore be made on these 
properties. 

Discussion 

Initial investigations on the effects of melting fur- 
nace atmospheres on the properties of malleable irons 
were performed using pure gases CO, COs, No, HO, 
H,, and A, with the furnace atmosphere applied dur- 
ing the holding period at high temperature stage of 
melting only. The present work was intended to in- 
clude atmospheres composed of combustion gas mix- 
tures. Furthermore, the atmosphere was applied dur- 
ing the melting down stage as well as during the 
holding period of each heat. A number of principles 
have been developed for the effects of the individual 
pure gases and for their mixtures. These offer an 
organized picture. It now appears that there are cer- 
tain gases in combustion atmospheres that largely 
control the effects of the melting furnace atmosphere. 
Since there are apparently three gases of importance, 
each will be briefly considered by itself. 

Nitrogen — The nitrogen concentration of com- 
bustion gases containing no free oxygen or water 
vapor may vary from 65 per cent minimum to 79 
per cent maximum (by volume). The current data 
demonstrates that the properties of malleable iron 
are altered by nitrogen content of the combustion 
gases within this range. Irons melted under an atmos- 
phere having the lower nitrogen content (also a more 
reducing atmosphere) will mottle at a relatively low 
carbon content, graphitize readily in first and second 
stage annealing, but have slightly low yield and tensile 
strength, Irons melted under the higher nitrogen con- 
tent atmospheres are more resistant to mottling, re- 
quire longer time for first and second stage graphitiza- 
tion, but develop high yield and tensile strength. 

The effects noted above for a low nitrogen content 
atmosphere are actually those promoted by a high CO 
content furnace gas, i.e., the nitrogen effect does not 
predominate in the mixture. However, with the high- 
er nitrogen content mixture, the nitrogen effect as- 
sumes control and the CO effect diminishes. Com- 


Pe ea Yas ST Ee 


_—y 








co Atmosphere N 


2.60 % 2.67 
1.25 % Si 1.24 
2800 Pouring Temp. 2800 


Fig. 6—Mottle test results on 100-Ilb heats of duplex iron 
held 1 hr at 2800 F under N: or CO atmosphere, 2-in. 
diam x 7.0-in. long baz. 
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bustion processes can be carried out to approach either 
of the two extremes. However, it would appear that 
normal combustion gases of the type occurring under 
favorable cupola melting condition; 12-14 per cent 
CO, 12-14 per cent CO., and approximately 75 per 
cent Noe, provide a desirable compromise gas mixture. 


Water Vapor — The overall effects of combustion 
gas mixtures free of oxygen are complicated by the 
presence of water vapor. The present data have dem- 
onstrated that the principal effects of water vapor on 
iron properties are those of causing shrinkage cavities 
and poor tensile properties. Within the extremes 
studied, O and 12.3 grains per cubic foot at 85 F, no 
harmful effects on annealability were noted. An earli- 
er paper! has shown that resistance to mottling is 
drastically increased but the resistance to hot tearing 
is decreased. It is evident that the harmful effects of 
water vapor in melting furnace atmospheres may 
completely offset the best of ordinary combustion 
control aimed at producing normal combustion gas 
mixtures. Further study is required to determine 
quantitatively the effects of water vapor concentra- 
tion in normal combustion gases on iron properties. 
This work will be done. 


Oxygen — Free oxygen in combustion gases may 
arise from an excess of air relative to fuel supply, for 
instance loss of the bed in cupola melting, or from 
poor mixing of air and fuel, extremely high flow 
rates or some other combustion problem. The effects 
of free oxygen are detrimental and may be viewed in 
two categories. First, as free oxygen in combustion 
gases, it can cause high oxidation losses of silicon, 
manganese, and carbon. By thus altering the composi- 
tion, it indirectly influences the properties of the iron. 
However, direct effects of oxygen in the furnace atmos- 
phere on iron properties where differences in silicon 
content are not a factor have been demonstrated. 

The present data have shown increased resistance to 
first and second stage graphitization, and lowered 
tensile properties to be a result of free oxygen in the 
melting furnace atmosphere. Earlier work! has demon- 
strated that resistance to mottling is increased by this 
gas. These observations are based on experiments per- 
formed with gas mixtures of two extremes; those con- 
taining no free oxygen as one, and air (21 per cent O.) 
as the other. It is necessary to know what effects would 
be obtained in the range between these two extremes 
in order to complete this information. 

The foregoing discussion has not included mention 
of the two important stages of melting, melting down 
and holding or refining. From the present work it 
appears that melting furnace atmospheres exert their 
most potent effect in the melting down stage of a 
heat. This is true with respect to both the chemical 
composition control of the iron and effects on the 
properties of the iron. The generalizations advanced 
above are true in both stages of melting but are es- 
pecially applicable to the melting down stage. The 
situation is of course more complicated when one at- 
mosphere type predominates during melting down 
and another during the holding period. 
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APPENDIX 
TABLE A® 
Heat No. Atmosphere Type Nitrogen Content 
of the Iron* % 
A 100% CO 0.0080 
C 100% CO" 0.0076 
D 100% No" 0.0096 
I Air’ 0.0096 
N 79% N, 21% CO.* 0.0099 
S 100% No? 0.0106 


* Atmosphere present after reaching holding temperature only. 

* Atmosphere present during melting down and _ holding 
periods. 

* The nitrogen analyses were supplied by the National Malle- 
able and Steel Castings Co. 

*Nitrogen soluble in dilute HCL. 


DISCUSSION 


Chairman: W. A. KENNEDY, Grinnell Co., Inc., Providence, 
R. 1. 

Co-Chairman: G. B. MANNWEILER, Eastern Malleable Iron Co., 
Naugatuck, Conn. 

J. T. Bryce (Written Discussion):* We were impressed by the 
care taken in reporting details and by the skillful use of fine 
equipment. Perhaps the greatest service we can perform in 
reviewing this paper is to project an operating point of view 
into the research data and conclusions offered. 

Our first impression in analyzing the approach to this work 
is that too little attention or anticipation has been given to 
the importance and usefulness in including the effects of hydro- 
gen and water vapor in the data. Since most operating malleable 
foundries use undried ambient air for cupola and air furnace 
combustion air, moisture and/or hydrogen is present in the 
melting atmosphere. The overall usefulness of this paper is 





1 Chief Metallurgist, Albion Malleable Iron Co., Albion Mich. 
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therefore reduced by absence of comparable data on melting 
under hydrogen or steam as a comparison for heats T and U, 
which do evaluate the effect of a wet flue gas. The addition of 
data on these two supplementary atmospheres would provide 
valuable information on which to appraise more accurately 
the effect of hydrogen in melting on the properties of malleable 
iron. 

We note that conclusion No. 3 on melting was that “water 
vapor in combustion gases causes a substantial silicon loss in 
melting down.” Although a 1.19 silicon is reported after melt- 
ing down a 1.27 silicon charge in heats T and U, we note 
that at the end of the heat the silicon was 1.24 and 1.25. If 
we assume an 0.08 silicon loss on melting and with the slag 
skimmed, how is the 0.06 silicon recovery explained when melt- 
ing was done in a magnesia crucible? It would seem to us 
that a 0.02-0.03 silicon drop is hardly a “substantial silicon loss 
in melting” considering that the accuracy of most silicon deter- 
minations is about to + 0.01 or 0.02 per cent for malleable 
iron samples. 

In this paper fundamental interpretation of the effects of 
the melting atmosphere is based on the test bar properties 
(Table 3 and 4) and the comparisons of properties produced 
under similar melting conditions (Tables 5, 6, 7 and 8). 
No reference to microstructures produced is made for pos- 
sible interpretation or amplification of the data presented, how- 
ever pointed such data may appear. This is perhaps the funda- 
mental omission of this interesting report. 

When data as shown in Table 3 is presented without 
qualification, the reader assumes that the contained information 
requires no extra or particular interpretation. However, pro- 
perties for bars on heats B and F are obviously inconsistent 
and strongly suggest the presence of mottle or shrink in the 
test bar castings. Such conditions should not be left unchecked 
if significant implications are to be drawn from these pro- 
perties. It is to be noted that Heat B produced a gray 
fracture in the 2-in. diam bar but no mention is made of 
the 0.625-in. diam fracture. 

Our attention is drawn to the sentence, “There is much 
graphite of the flaky and sprawly type in the bars from Heats 
T and U.” Flaky graphite, in the absence of a structural illus- 
tration, is primary graphite known to the trade as mottle. 
Regardless of the extent or amount of mottle, its presence is 
extremely detrimental to the mechanical properties of test 
bars. The presence of mottle would explain the low tensile and 
elongation values cited for these heats. It is misleading not 
to indicate such conditions in the data table. 
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The voids found in bars from Heat T would appear to be 
caused by the precipitation of hydrogen on freezing. They are 
an interesting phenomenon and emphasize again the importance 
of including a broader study of hydrogen effects in this research. 

The inclusion of Rockwell “B” hardness readings as reported 
in Table 10 revives the question of the application of Rockwell 
“B” readings to malleable iron. In our experience, the wide 
variations we have found in values taken on the same piece 
where structural uniformity had previously been established, 
have definitely precluded its usefulness as a hardness measur- 
ing device for ferritic malleable iron. It is interesting to note 
that while implied, no significant conclusions in this paper 
are based on these data. 

The second phase of this report, dealing with the anneal- 
ability of the irons produced, is well done and represents a 
vast amount of work. Observations of the authors on collecting 
data presented in Table 17 (Nodule Counts) are qualified by 
their notation of its doubtful significance. When so informed, 
the reader is not so apt to form conclusions in conflict with 
the authors. We do note that nodule counts above 100 per 
square millimeter are quite high for commercial iron and 
probably account for the very high rates of both first and 
second stage graphitization. Assuming a fast cool time of about 
2 hr, iron of heats B and C could be completely annealed 
in 18.5 hr. For a 34-in. square section of a 1.25 silicon iron, this 
is an exceptionally fast cycle. This point should not be so 
obscured as to be lost on readers who might only skim the 
report. ° 

Conclusions of the authors regarding the effect of nitrogen 
in the melting atmosphere seem to agree with recent results 
published of the work of the British Cast Iron Research As- 
sociation.* It was found that increases in nitrogen content 
of the iron incline to stabilize the carbide and thus inhibit 
both first and second stage annealing reactions. Thus it would 
appear that the concentration of nitrogen in the melting atmos- 
phere bears a direct relationship to the amount of nitrogen 
absorbed by the melt. 

In conclusion, the authors are to be complimented on the 
presentation of their work on this absorbing subject. We are 
looking forward to subsequent reports on this project as their 
work progresses. 


*“Estimation And Influence Of The Gaseous Elements In Cast Iron” 
by L. W. L. Smith, B. B. Bach and J. V. Dawson in March 11, 1954, 
Foundry Trade Journal. 
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FOREWORD 


The problem of Risering Gray Cast Iron, under 
AFS sponsorship, has been under study at MIT since 
January 1950. During this time, a bibliography’ of 
risering practice and reports of experimental progress 
have been published.*: * 4 

The experimental progress involved a 
analysis of shrinkage defects in standard X, Y, L, T, 
and slab shapes; these castings were obtained from 
commercial foundries by members of the AFS Gating 
and Risering Committee. Essentially, this analysis 
indicated close correlation of shrinkage volume with 
swelling of castings. Since this type behavior in effect 
masks true shrinkage phenomena, an exploratory 
program of study was instituted to narrow the prob- 
lem into more fundamental channels. 

This development program included a study of 
the effects of mold material, gases in iron, and solidi- 
fied casting contours. From these studies, it was shown 
that a stable mold was necessary to obtain meaning- 
ful and reproducible results, Gases in iron were 
shown to cause abnormal variations in shrinkage, 
particularly Os, Hz, and H,O. Some of these varia- 
tions were the formation of large shrink cavities which 
later filled with exuded metal. By measuring many 
castings, it was shown that considerable shrinkage 
could be attributed to a slight dishing of the casting 
surface. 

With this type information, it was possible to 
design an apparatus which would allow direct shrink- 
age measurements of solidifying iron while keeping 
secondary effects at a minimum. 

This last phase of the AFS research program on 
risering of gray iron was undertaken to determine 
those factors which influence the shrinkage behavior 
of gray iron. With such an objective in mind, it is 


detailed 


*Research Assistants and **Professor of Metallurgy, Massa- 
chusetts Institute of Technology, Cambridge, Mass. 


This is a Progress Report on a Research Project sponsored 
by the Research Committee of the Gray Iron Division of AFS. 
Members of this Committee are J. S. Vanick, Chairman, H. N. 
Bogart, J. W. Bolton, Alfred Boyles, R. A. Clark, T. E. Eagan 
and W. S. Pellini. 
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first necessary to determine the characteristics of 
normal shrinkage behavior. By normal is meant the 
shrinkage of plain iron-carbon-silicon alloys cast in 
sand under typical foundry conditions. 

When this basic information is established, it will 
then be possible to determine the effects of normal 
alloying elements as well as those which are not so 
common; other factors could also be investigated 
with.a better chance of interpreting their effect on 
the overall! shrinkage picture. 

This report expresses findings made from tests of 
plain iron-carbon-silicon alloys. These experimental 
results compared favorably with a mathematical rela- 
tionship for theoretical shrinkage based solely on 
the carbon and silicon contents of the metal. 

After three years’ work, it is believed an appara- 
tus and a technique of investigation have been per- 
fected which will lead directly to accurate analysis 
and intelligent rationalization of the difficult task 
of risering gray iron. 

Introduction 


Results from this research program, as reported for 
the past several years,” * * as well as reports of others 
working in this same general field, have emphasized 
that dimensional stability of the molding material 
is an important variable determining the apparent 
shrinkage behavior of gray iron. Numerous instances 
point out how shrinkage can be aggravated or relieved 
by use of various molding clays and other sand addi- 
tives. 7 Any experimental measurements of funda- 
mental shrinkage, to be reliable, cannot be influenced 
by mold behavior, and so the tests necessitate use of 
the most stable mold possible. 

In practice, gray irons may or may not be inocu- 
lated. The structure of iron is materially altered by 
inoculation, and since each practice is so widely used, 
both types were chosen for study. 

Since some grades of gray cast iron expand during 
solidification, a casting-riser system was developed 
which could measure both contraction and expansion 
of the solidifying metal. This was done without 
appreciably altering solidification rates, to keep tests 
as near practical conditions as possible. 

Irons of various analyses were poured and their 
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shrinkages measured, The effects of mold material and 
inoculation are covered in part. 


Experimental Procedure 


To accomplish the objectives set, it was necessary 
to use a riser small in mass and sensitive to small 
volume changes of the riser-casting system. Such a 
riser had to be small in cross section compared to the 
casting, and had to be heated externally to keep it 
molten as the casting solidified. 
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Fig. 1—Sketch of pycnometer apparatus. 


Figure 1 is a sketch and Fig. 2 a photograph of 
the experimental apparatus. Figure 1 shows a graphite 
“bobber’’ designed to float upon the liquid metal in 
the riser; a rod is attached to the float to measure 
the liquid level at all times, as the metal contracts 
or expands. The riser is formed by an alundum tube 
(l-in. I.D.) which is cemented insi*e a resistance 
furnace. Shown also are three dial gauges arranged 
to measure movement of the mold-meta! interface 
during solidification. The casting is an 8-in. x 334-in. 
diameter cylinder. 

The procedure followed in making all the experi- 
mental runs is as follows: 

1. All castings were made from master heats of gray 
iron; these were made to the desired analysis from 
Chateaugay pig and Armco iron. 

2. The metal was remelted by induction heating in 
40-Ib heats using a clay-graphite crucible. The metal 
was superheated to 2750 F (1510 C) and held for 
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10 min, Any silicon adjustments necessary were made 
before the 10-min period. After holding, the metal 
was either cooled to 2500 F (1372 C) and poured, 
or inoculated at 2750 F (1510 C), cooled to 2500 F 
(1371 C) and poured. 

3. In the meantime, the riser furnace was preheated 
to 2250 F (1232 C) and maintained at that tempera- 
ture from 10 to 15 min before pouring. Just before 
the casting. was poured, the riser furnace was placed 
on the mold, but was kept heated during the entire 
solidification process. 

4. The mold was made of washed silica sand of AFS 
No. 80 fineness. Four per cent western bentonite, 1/4 
per cent cereal, 4 per cent dextrine, and 4 per cent 
water were mulled into the sand. Before use the mold 
was oven-dried at 350 F (177 C) for 12 hr and cooled 
to room temperature. If a green sand mold was used, 
the same procedure was followed without drying. 

5. The mold was poured to a standard height de- 
termined by the height of the sprue basin. This was 
8 in. above the casting-riser junction. Upon comple- 
tion of pouring, the preheated graphite float assembly 
was placed immediately upon the metal in the riser. 

6. Readings were taken from the dial gauges, and 
the fall of the riser level was measured carefully. The 
dial gauges were read every 30 or 60 sec. The total 
elapsed time was noted for each 1/16-in. fall of riser 
level. A potentiometer recorded the temperature in 
the casting from Pt-Pt 13% Rh thermocouples. 

7. The measurements were continued until the 
casting was completely solidified. 

Chemical analyses and treatment given the castings 
are reported in Table 1. 





Fig. 2—Photograph of pycnometer apparatus. 








TABLE ]1—-CoMPposITION AND TREATMENT 
Or METAL 





Composition, % 





Casting T.Cc. C.C. Si . Mn Treatment 
5 2.70 0.19 1.98 0.10 none 
6 2.70 0.18 1.90 0.10 ” 
8 2.59 0.14 1.90 0.10 0.5% SMZ alloy 
9 2.62 90.17 1.90 0.10 ” 
10 8.14 0.39 1.65 none 
11 3.33 0.33 2.06 0.15%, SMZ alloy 
13 $3.27 0.24 1.84 0.12% FeSi—85% 
"14 $.14 0.17 1.75 0.25% SMZ alloy 
22 2.70 0.68 1.82 none—cast in green 
sand 
24 3.35 0.32 1.87 0.13 none 
25 $.27 0.16 1.72 d 
26 2.86 0.11 1.87 “s 


Sulfur and phosphorus is less than 0.020. 
Manganese for all castings between 0.10 and 0.13. 





Test Results Obtained 


A. Shrinkage.—Results of shrinkage experiments 
are presented in Table 2. Shrinkage is reported as a 
percentage of original volume at liquidus temperature 
and is the net amount observed. These values repre- 
sent the amount of shrinkage observed from the 
moment the center of the casting reached the liquidus 
until the casting was completely solidified. 

Included also is the per cent of purged or exuded 
metal. By adding exuded metal to net shrinkage, a 
value representing maximum shrinkage is obtained. 

Carbon equivalent is included in the table, since 
it is so widely used for interpreting behavior of cast 
iron. 

Available carbon is the amount of carbon capable 
of forming graphite during eutectic solidification and 
is determined by subtracting the amount of carbon 
dissolved in the solidified austenite from the total 
carbon content of the metal. This is included since 
it is a sensitive test of the shrinkage characteristics of 
an iron. 

The average dilation is an average of the readings 
of the three dial gauges applied to the diameter of 
the casting. The dilation applies only between the 
liquidus temperature and complete solidification. 


TABLE 2—-SHRINKAGE TEST RESULTS 





Average Dilation 
on Diameter 
% Shrink During Solidification, % Purged 





Casting C.E. A.C." Net in. in 334 in. Metal 
5 3.29 0.88 1.42 0.024 0.32 
6 3.29 0.88 1.58 0.018 0.32 
8* 3.18 0.77 2.37 0.025 None 
9¢ 3.21 0.80 2.48 0.024 0.21 
10 3.69 1.31 -.05 0.004 0.36 
ile)6 = 4 358 0.39 0.008 0.26 
13* 3.88 1.45 0.37 0.005 0.10 
a $.72 1.82 0.90 0.013 None 

22°* 3.31 0.88 3.53 0.061 0.16 
24 Sa7 154 0.07 0.016 0.32 
25 3.84 1.44 0.58 0.028 0.37 
26 3.48 1.05 1.21 0.021 0.37 


™ A.C. (available carbon) is determined by subtracting the 
amount of carbon dissolved in the solidified austenite which 
is (2 — 0.1 Si) from the total carbon content of the iron 
(T.C.). This can be written: (A.C. = T.C. —2 + 0.1 Si). 

~ Inoculated 

** Cast in green sand mold. 
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It is seen from these results inoculated irons 
apparently shrink more, and do not purge as much, 
as untreated irons. Figures 9-11 show the relation of 
shrinkage to temperature for several typical irons. 

B. Density Measurements.—Specimens were taken 
from castings 5, 6, 8 and 9 to determine density and 
volume of graphite. 

Density measurements were made on a I-in. cube 
of metal cut from the center of the casting. Density 
was determined by weighing the 1-in. cube in air and 
in water with a precision balance. The same specimen 
was then used for chemical analysis, lineal analysis 
of the graphite (to determine graphite volume) , and 
photomicrographs (Fig. 3-8). 

C. Lineal Analysis of Graphite——Lineal analysis of 
specimens was made on a Bausch & Lomb microscope, 
with a movable stage connected to a keyboard count- 
ing device known as the Hurlbut Counter.’ The 
specimen is moved under the ocular cross hair of the 
microscope on a mechanical stage driven by a fine- 
pitch screw. The screw is connected to a variable speed 
motor in the counter through a worm reducing gear 
with 100 to 1 ratio. 

When a key on the counter is depressed, it activates 
the driving shaft of the microscope stage and causes 
the specimen to. pass under the cross hair of the micro- 
scope at a slow speed. Each key on the device is con- 
nected to a Veeder Root counter which tallies the 
number of revolutions of the motor shaft while that 
key is depressed. Thus, volume per cent of a given 
constituent of a sample is measured by assigning one 
key to graphite (in this case) and a second key to 
the matrix. A third counter gives a continuous count 
of shaft revolutions during the time either key is 
depressed. The number of revolutions of each counter 
is proportional to the cumulative lineal intercept 
of its corresponding constituent. 

Many combinations of counter speeds and magni- 
fication were used in this experiment; the most con- 
sistent results were achieved at a total magnification 
of 1000X. A total of five equally-spaced parallel 
traverses was run on each sample, with the average 
results reported in Table 3. 


TABLE 3—-LINEAL ANALYSIS OF GRAPHITE 





Vol- 
Com- ume 
Total bined Free gq 
Cast- Treat- Car- Car- Car- Gra- Den- % 
ing ment bon bon bon Si Mn phite’ sity? Shrink 





5 None 2.70 0.19 2.51 1.93 0.10 13.8 7.26 1.42 
6 None 2.70 0.18 2.52—1.9 0.10 15.5 7.27 1.58 
8 SMZ 259 0.14: 245—19 0.10 127. 725 2.87 
9 SMZ 262 0.17 245-19 0.10 113. 7.27 2.48 
© Average results of lineal analysis. 
© Measured by loss in weight in water. 





The specimens used in this analysis were polished 
carefully to retain as much graphite as possible. 

D. Casting Dilation by Mold-Wall Movement.— 
Figures 12 and 13 are examples of dilation curves ob- 
tained using dry sand molds. These are comparable 
from the time the liquidus is reached until the cast- 
ing is solidified. Before then, however, one measure- 
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Fig. 7—Casting No. 5. Nital etch. Mag. 500X. 


ment indicates decided contraction of the mold cavity. 
Since this contraction occurs before solidification 
begins, it has no effect on the solidification shrinkage 
measurements. It would effect the total amount of 
feed metal required. 

Figure 14 is a similar dilation curve of a casting 





Fig. 4—Casting No. 6. Unetched. Mag. 100X. 


Fig. 6—Casting No. 9. Unetched. Mag. 100X. 





Fig. 8—Casting No. 8. Nital etch. Mag. 500X. 


poured in a green sand mold bonded with western 
bentonite. There is considera>ly more dilation in this 
case and, consequently, the casting requires more feed 
metal. On a casting this size and shape, an increase of 
0.010-in. diameter increases the volume of the cavity 
0.46 cu in. or 0.51 per cent. 
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Fig. 9—Curve shows temperature-shrinkage relationship 
for Casting No. 5. 
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Fig. 10—Curve shows temperature-shrinkage relationship 
for Casting No. 8. 
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Fig. 11—Curve shows temperature-shrinkage relationship 
for Casting No. 22. 


Analysis of Results 

Figure 15 shows measured solidification shrinkage 
plotted against available carbon. These castings are 
assumed to freeze to austenite and graphite (no car- 
bide present), and choice of available carbon as a 
parameter seems reasonable. This in effect assumes 
the shrinkage observed is the sum of effects of graphite 
formed at the eutectic (a negative value) and the 
amount of primary and eutectic austenite which forms 
in the solidifying metal. This graph shows shrinkage 
increases as the available carbon decreases. It also 
appears treated and untreated irons behave somewhat 
differently. 

There is some scatter in results. This can be due 
to (1) inaccuracies inherent in the method employed, 
(2) variables such as melting practice (small changes 
in composition, mode of solidification, and/or gas 
content), or (3) variables introduced by the mold 
itself (such as dilation) . 

There are undoubtedly errors introduced by the 
method used. For example, it is nearly impossible to 
determine how much solid is formed before all super- 
heat is lost. The method used in this work was simpli- 
fied in that all shrinkage measurements were deter- 
mined from the time the center of the casting reached 
the liquidus. The error introduced from this source 
would cause measured values to be slightly low. 

While melting practice was as constant as possible, 
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Fig. 12—Curve shows mold dilation-time relationship for 
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Fig. 13—Curve shows mold dilation-time relationship 
for Casting No. 8. 
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Fig. 14—-Curve shows mold dilation-time relationship for 
Casting No. 22. 


there were chances of absorbing gases to varying 
degrees. Since it is possible certain gases could have 
an effect on shrinkage behavior, either metallurgically 
or mechanically, this variable must be recognized. 

Dial gauges originally provided data to correct for 
volume changes due to erratic mold behavior. When 
such corrections are rigorously applied, results are 
extremely erratic. At present, these values should be 
considered only as interesting measurements of no 
specific significance. There is much evidence to show 
mold behavior will effect shrinkage markedly. It was 
attempted to maintain consistency and accuracy by 
using dry sand molds, but even with these conditions 
absolute mold rigidity is not obtained. 

The results listed in Table 3 indicate the ultimate 
density of iron is not dependent on observed shrink- 
age characteristics of the metal. Table 4 is a com- 
parison of the theoretical and measured values for 
graphite volumes and densities of the irons. 


TABLE 4—-DENsity AND GRAPHITE MEASUREMENTS 





Calculated Measured 
Calculated Measured Graphite, Graphite, 








Casting Density Density % vol % vol 

ae 7.39 7.26 8.35 13.8 
6 7.39 7.27 8.38 15.5 
8* 7.40 7.25 8.16 12.7 
g* 7.39 7.27 8.15 11.3 


* Inoculated 
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Fig. 15—-Curve shows measured solidification shrinkage 
vs available carbon relationship. 


Calculated values were based on graphite density 
from the Metals Handbook for plain carbon steel. 
Measured values of the volume of graphite present 
are much greater than theoretical values. These 
differences are real even though there may be small 
errors present in measured values. One other fact of 
importance is the apparent decrease in measured 
graphite volume in inoculated irons (castings 8 and 
9). 

If measured volumes of graphite were pure graphite 
or graphite plus voids, then measured iron densities 
would vary in similar fashion. Since this is not the 
case, it must be assumed graphite in larger volumes 
reported has higher density. Higher density graphite 
could be caused by entrainment of iron in the 
graphite lattice. 

Referring to the photomicrographs (Fig. 3-8), it 
can be shown the finer dispersion of graphite in cast- 
ings 5 and 6 is correlated with less shrinkage than 
the more massive formation precipitated in castings 
8 and 9. Also, castings 5 and 6 contain a larger volume 
of free graphite by lineal analysis than castings 8 
and 9. 

Observations show similar shrinkage characteristics 
for both types iron above the eutectic temperature 
(Fig. 16). In the low carbon range of these irons, 
shrinkage should occur during the eutectic, That there 
is considerable expansion during the eutectic, espe- 
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Fig. 17—Curve shows measured solidification shrinkage 
vs available carbon relationship. 
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cially in untreated irons, indicates the possibility of 
gas evolution or an effect such as supercooling on 
the mode of graphitization. 

In Fig. 15, 16, and 17 are curves represented as 
theoretical shrinkage. These curves are based on the 
principle no carbide is formed at the eutectic and 
equilibrium conditions exist. The equations which 
express these theoretical curves appear in the appen- 
dix. 

Many factors are not yet covered in work to date 
which will possibly effect predictions of shrinkage. 
These can include effects of gases and minor con- 
taminating elements. However, one of the most aggra- 
vating causes of shrinkage misbehavior, the use of 
certain green sand molds, is clearly shown to be a 
mechanical effect of the mold. Table 5 shows by 
correcting for mold dilation, shrinkage of a green 
sand casting is the same as for those made in dry sand 
molds. 


TABLE 5—-SHRINKAGE MEASUREMENTS 





Average % Volume % 
Dilation on Shrinkage Cor- Shrinkage 
Casting T.C. Si Diameter,in. Measured rection* Corrected 





5 2.70 1.93 0.024 1.42 — 1.42 
6 2.70~1.90 0.018 1.58 — 1.58 
au°* 2h 1 0.061 3.53 1.94%, 1.59 


* The volume correction is based on reducing the average 
dilation of casting 22 to the average of castings 5 and 6. 


** Green sand casting. 





Figure 16 shows shrinkage measured from the 
liquidus to just above the eutectic. This is plotted 
against available carbon so it can be compared more 
readily with Fig. 15. Since precipitation of graphite 
does not influence this particular phase of shrinkage, 
another parameter such as carbon equivalent would 
be equally suitable. Again a curve is given for theo- 
retical shrinkage. Equations (3) and (4) in the appen- 
dix express this theoretical curve. 

These equations indicate shrinkage from the liqui- 
dus to just above the eutectic is dependent only on 
carbon equivalent of the iron. 

Experimental results show both treated and un- 
treated irons behave similarly before the eutectic is 
reached and before graphite is precipitated. The dif- 
ferences in shrinkage occur only when the eutectic 
ireezes. Table 2 illustrates untreated irons tend to 
purge more than treated irons, 

In Fig. 17, the two theoretical shrinkage curves are 
superimposed. These indicate that an iron of 1.46 
available carbon neither expands nor contracts during 
eutectic solidification, irons with less than 1.46 per 
cent available carbon will shrink, irons with more 
than 1.46 per cent will expand. The amount of 
shrinkage or expansion during the eutectic will be 
the difference between the two curves. 

That some irons expand or purge when they should 
shrink, or expand more than predicted, indicates the 
possibility of slight gas evolution. 

These curves will be displaced somewhat by a 
variation in silicon content. Both theoretical curves 
have been calculated for 1.8 per cent silicon. 


RISERING OF GRAY IRON CASTINGS 


Conclusions 


From work to date, it is possible to conclude that: 

1. Theory and experiment agree most normal gray 
irons shrink. 

2. Total measured shrinkages are generally some- 
what lower than theoretical. 

3. Those factors which affect shrinkage are related 
to the type graphite formed. 

4. While shrinkage should occur during the eutectic 
hold for many grades of iron, the presence of small 
quantities of gas could prevent it, 

5. If voids are formed by gas they do not result in 
measurable variations in density of irons at room 
temperature. 

6. Certain green sand molds can contribute materi- 
ally to erratic shrinkage behavior. 
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APPENDIX 


THEORETICAL EQUATIONS To DETERMINE TOTAL 
SOLIDIFICATION SHRINKAGE 
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S, = shrinkage (per cent shrinkage = 100 Bo) 

S; = shrinkage, liquid to austenite — 0.039 

pa = density of austenite at eutectic temperature 
== 7.90 

pc = omy of graphite at eutectic temperature 
= 221 

a = average volumetric coefficient of expansion of 
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primary austenite and liquid metal = 16.5 x 
10° per °F 


Ty, = temperature of liquidus 

I, = temperature of eutectic 

X = total carbon 

Y = solubility of carbon in austenite at eutectic 

2 — .l Si 
100 

X — Y = carbon available to form graphite during 

solidification. 


Simplified, the equation becomes: 
Oat ~ ernie shee 
, 1+ 165 x 10 AT pats 
[ 3 (A.C.) + (1 — x) | kotha dowiwsnats saekes (2 
where 4 T is equal to the temperature difference 


between liquidus and eutectic, and A.C. is available 
carbon. 


~I 
~I 


THEORETICAL EQUATIONS To DETERMINE PRIMARY 
SOLIDIFICATION SHRINKAGE 
(Liquipus To Tue Eutectic) 


2.3 l+a (Ty, I'y) 
S' = shrinkage from the liquidus to just above the 
eutectic 
Ss; = shrinkage, liquid iron to primary austenite 
=. aon 
a = average volumetric coefficient of expansion of 


austenite and liquid iron 
T,, = temperature of liquidus 
Ty, = temperature of eutectic 
CE = carbon equivalent 
The value for a was determined experimentally as 
16.5 x 10° per OF. 
Simplified, Equation (3) becomes: 
45 yD hm x ca T 
U3 — CB) gy | 5x 1O*AT _ oy 
23 + 16.5 x 10° AT 








METAL PENETRATION 


TESTS ON 





DRY SAND 


CORES AND CORE WASHES 


Progress Report of Mold Surface Committee 8-H 
of the AFS Sand Division* 


The purpose of this report is to summarize the re- 
cent work of the Mold Surface Committee with par- 
ticular reference to the prevention of metal penetra- 
tion by the use of silica and graphite core washes. 

The procedure for the tests followed the method 
developed by Gertsman and Murton! in which 11-in. 
diam x 2-in, sand specimens are subjected to molten 
metal in a test mold (Fig. 1). 

The sand selected for the tests was a Lake Michigan 
type sand having an AFS grain fineness number of 
40.5. The per cent of this sand (by weight) and the 
other materials used in the core mixture was as fol- 


lows: 
Lake Michigan Sand (Table 1), %..........93.75 
Se NR id oa cee se cawssesccan 1.25 
SE a0 Sh bar ea> needa es payee ahee 1.00 
a eee eee eee 15 
ID eae di sorte ond anh sin bk imeiee agen ome 25 


TABLE 1—LAKE MICHIGAN SAND DATA 





Sieve Number Weight of Sand, gm 





6 0.0 
12 0.0 
20 0.30 
30 2.82 
40 18.35 
50 52.50 
70 23.30 

100 2.42 

140 0.15 

200 0.02 

270 0.0 

Pan 0.0 
99.86 gm 


A.F.S. Grain Fineness Number — 40.5 





* The Mold Surface Committee 8-H consists of the following 
personnel: C. C. Sigerfoos, Chairman, Michigan State College, 
East Lansing, Mich.; J. B. Caine, Consultant, Cincinnati, Ohio; 
S. L. Gertsman, Canadian Dept. of Mines and Technical Sur- 
veys, Ottawa, Ont., Canada; H. A. Laforet, Lakey Foundry Co., 
Muskegon, Mich.; Jas. McConachie, Wm. Kennedy and Sons, 
Ltd., Owen Sound, Ont., Canada; C. E. McQuiston, The Ad- 
vance Foundry Co., Dayton, Ohio; E. J. Passman, F. B. Stevens 
Co., Detroit, Mich.; W. T. Shute, Canadian Car and Foundry 
Co., Longue Point, Que., Canada; A. B. Steck, General Electric 
Co., Everett, Mass.; D. C. Williams, Ohio State University, 
Columbus, Ohio; V. E. Zang, Unitcast Corp., Toledo, Ohio. 
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The above core mixture was prepared by mulling 
the dry materials for 2 min, adding the liquids and 
continuing the mixing for an additional 5 min. 

Since density of the core sand was considered to be 
an important factor, the 114-in. diam specimens were 
prepared with four different densities, This was ac- 
complished by subjecting the specimens to unequal 
amounts of ramming under the standard rammer. 
The test cores were given a half ram (rammer was 
raised one half the standard height), one ram, two 
rams and three rams. Obviously, in this procedure in- 
creasing amounts of core sand had to be used (Table 
2) to make all of the specimens 2 in. high. The speci- 
mens rammed by this method were baked in a labora- 
tory electric core oven for 90 min. in a temperature 
range of 400 to 410 F. Extra specimens from each 
ramming procedure were baked and were examined 
for differences in density between the top and bottom 
halves. This was accomplished by sawing the speci- 
mens in two and checking the difference in the 
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Dry sand core 
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Fig. 1—Sketch of test mold: 
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Fig. 2—Sketch of dry sand ram-up core. 








Fig. 3—Metal penetration specimens formed with un- 
washed control cores. 
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TaspLe 2—Core AND WASH WEIGHT DATA 








ea 

x e = gs & 

5 2 g x a = S & 

= E 5 z xs xs BS 

Z 8 = z se z= 2s 

Graphite Wash 

ly 1.997 1.130 0552 50.150 50.470 0.320 
l 1.987 1.128 .0563 50.720 50.950 0.230 
2 1.984 1.128 0572 51.370 51.580 0.210 
8 1.984 1.128 .0578 51.950 52.150 0.200 

Silica Wash 

4 1.993 1.128 0555 50.170 51.120 0.950 
l 1.988 1.128 .0563 50.650 51.600 0.950 
2 1.976 1.129 .0572 51.350 52.150 0.800 
3 1.979 1.129 .0577 51.900 52.850 0.950 








weights between the half formed directly under the 
rammer head and the half formed away from the 
rammer head. The results of this sectioning indicated 
a slightly higher density (0.0005 Ib per cu in. on 
the average) for the part of the core that was formed 
directly under the rammer. The low density ends of 
all specimens were exposed to the molten metal in 
the test molds described later. 

Two core washes were used as described by Morey 
and Ackerlind.? The composition of these washes was 
as follows: 


Silica Flour Base 


Graphite Base 
31.1 No. 140 Silica Flour, % 59.4 


Graphite, % 


Western Bentonite, % 0.8 Western Bentonite, % 1.5 
Dextrin, % 1.3 Dextrin, % 1.5 
Sodium Benzoate, %% 0.1 Sodium Benzoate, % 0.1 
Water, ‘ 66.7 Water, % 37.5 


¢ 


A small amount (0.1 per cent) of a wetting agent 


Fig. 4—Metal penetration specimens formed with graphite 
washed cores. 
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was added to each of the washes to promote pene- 
tration of the wash into the core. 

The washes were prepared at 60 F and Baume read- 
ings were taken. The Baumé of the graphite wash was 
18 and the silica flour was 58. 

The cores were coated for a distance of 1 in. on 
the end which was rammed against the rammer stool, 
i.e., the low density end. To provide accurate coat- 
ings, each core to be washed was first weighed and 
then wrapped with tape so that exactly | in. at the 
end was left exposed. (An exposure distance of 34 in. 
was used in several other tests not described here.) 
This exposed end of the core was then dipped into 
a particular wash for a period of 10 sec. The excess 
wash was allowed to drain off, the tape was removed 
and the specimen was dried and reweighed. The 
weights of the cores and their coatings is recorded in 
Table 2. 

Molds as shown in Fig. 1 were constructed for the 
test. The drag of each mold contained a large dry 
sand ram-up core (Fig. 2) which provided four 11,- 
in. diam x 14-in. deep cavities in which the test cores 
were pasted. Each mold was built up to provide a 
20-in. head of metal above the test cores. In each test 
one mold contained the four unwashed control speci- 
mens, a second mold contained the four graphite 
washed specimens and a third mold contained the 
silica washed specimens. Furthermore, each mold 
contained cores with variations in ramming from a 
half ram to three rams. 

The test molds were poured with gray iron at a 
temperature of 2650 F. The composition of the melt 
was as follows: 


Carbon, %, 3.52 
Silicon, % 2.34 
Manganese, % 0.74 
Phosphorus, % 0.123 


Sulphur, % less than 0.10 


Care was taken during pouring to see that the 
2-in, diam riser was completely filled with metal to 
provide the full 20 in. of head pressure. 

The castings were cleaned by sand blasting and 
they were sectioned for photographing. This section- 
ing consisted of cutting the castings through the cored 
cavity to form wafers of metal about Y% in. thick. 
These wafers shown in Fig. 3, 4, and 5 provided the 
best method of showing the surface condition of the 
cored holes. It should be noted that during photo- 
graphing the wafer-shaped specimens were “masked 
down” and do not show the true metal section thick- 
ness. The cored holes were actually formed in a slug 
of metal 6 in. in diameter and 5 in. thick as indicated 
in Fig. 1. The photographs of the test cavities also 
provide a good comparison between the washed and 
unwashed surfaces. This comparison is possible be- 
cause one half of the length of the 2-in. specimens 
was washed and only % in. of the unwashed ends 
was used in the print. The demarcation between the 
washed and unwashed surfaces is clearly visible where 
the silica wash was used as shown in Fig. 5. 

The test described above was repeated three times 
in the Foundry Laboratory at Michigan State Col- 
lege and the results of each test were the same. Fur- 
thermore, this experiment was repeated at the Bureau 





METAL PENETRATION TESTs 





Fig. 5—Metal penetration specimens formed with silica 
washed cores. 


of Mines and Technical Surveys, Ottawa, Ontario, 
Canada, This latter test included the use of graphite 
washes at 30 and 45 degrees Baumé and produced 
about the same results as the lower (18-degree) dens- 
ity wash that is described in this report. 


Results of the Gray Iron Penetration Tests 


(Note: For obvious reasons, the following conclu- 
sions must be limited at present to the tests described. 
These initial results do not necessarily apply to cores 
where different metals, sands and binders are used 
or where different methods of core coating are em- 
ployed.) 

1. The silica wash prevented penetration. 

2. The graphite wash gave uneven results. It gave 
protection to the smooth areas but allowed the metal 
to penetrate at the corners of the specimens. 

3. The variation in ramming (density) gave no 
apparent difference in metal penetration when core 
washes were used. The unwashed control specimens 
showed a very slight decrease in penetration as the 
core density increased. 

4. In general, the wash was heavier on the lower 
density core specimens. 

5. Increasing the Baumé (density) of the graphite 
wash did not prevent metal penetration in the corners 
of the cored cavities, 
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DISCUSSION 


Chairman: C. C. SicerFoos, Michigan State College, East 
Lansing, Mich. 

Co-Chairman: D. C. 
Columbus, Ohio. 

Secretary: D. S. 
Rolla, Mo. 

J. A. Ruippernor (Written Discussion):* This discussion is in 
no way intended to dispute the test results obtained by R. I. 
Sedlak and P. T. Wright, working under the direction of Charles 
Sigerfoos, Chairman of Committee 8H, at Michigan State Col- 
lege, nor the test results obtained by Committee 8H at the 
Bureau of Mines and Technical Surveys, Ottawa, Ontario, 
Canada. 

However, since anyone reading the progress report will im- 
mediately be impressed with apparent proof that silica core 
washes are superior to graphite core washes in preventing metal 
penetration a commentary on a number of points in the pro- 
gress report should be included in the records. 

In all fairness to Committee 8H it should be noted that, 
in the progress report, under the heading “Results of the Gray 
Iron Penetration Tests” the following statement appears: “For 
obvious reasons, conclusions must be limited at present to the 
tests described. These initial results do not necessarily apply 
to cores where different metals, sands and binders are used or 
where different methods of core coating are employed.” It is 
however, easy for the reader to overlook this statement or give 
it consideration secondary to the meat of the report. 

The first question raised in this discussion concerns the use 
of a 20-in. total head of metal for a casting 5-in. high and 
6-in. in diameter. Since no foundryman would use more than 
a 4-in. riser head on a casting of this size, metal penetra- 
tion results, obtained under the conditions of the test, could 
not be translated to actual foundry practice. 

Gertsman and Murton, 1950 AFS TRANSACTIONS, vol. 58, pp. 
595-603, in a paper titled “An Investigation of Metal Penetra- 
tion of Steel in Sand Cores,” report that when 114-in. x 2-in. 
cores are used in a casting 5-in. high and 7-in. in diameter, 
conditions were not severe enough to cause metal penetration 
providing the steel was completely killed. When casting height 
was increased to 17-in. and 30-in., metal penetration was severe. 
A 214-in. offset riser showed little or no metal penetration at 
5-in. head but severe penetration at 30-in. and 50-in. head. 
Two statements in the summary are worthy of note here, (1) 
ferro-static pressure was found to be an important cause of 
metal penetration and (2) a normal silica flour wash was not 
effective in reducing penetration. 

Gertsman and Murton, 1951 AFS TRANSACTIONS, vol. 59, pp. 
108-116, in a Mold Surface Committee Research Progress Report 
titled “Metal Penetration” report the following in their 
summary. 

1. The higher the ferro-static pressure the lower the 
pouring temperature at which complete penetration 
was obtained. 

2. For the same temperature, increasing the casting 
height increased the metal penetration. 

3. Within the ranges of temperature (2800 to 3100 F) 
and pressures (heights 5 to 30 in.) tested, it would 
appear that pressur2 is the most potent factor causing 
metal penetration. 

4. Although the wash (a silica flour wash) was effective 
on oil sand and dry sand cores at lower ferro-static 
pressures, it lost most of its effectiveness as the pres- 
sure was increased. 


Wuuiams, Ohio State University, 


EPrELSHEIMER, Missouri School of Mines, 





1 Frederic B. Stevens, Inc., Detroit. 
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From the above it is apparent that, to get penetration at all, 
in order to compare the effectiveness of two types of core 
wash, the head of metal had to be increased far beyond that 
conducive to accepted foundry practice. 

The second question raised in this discussion concerns the 
formulation of the test core washes and the Baume’s used. The 
formula for the silica wash was patterned after work done 
by Morey and Ackerlind and reported in an article titled 
“This Mold Wash Works on All Common Casting Alloys’ 
which appeared in AMERICAN FOUNDRYMAN, January, 1952. 
Morey and Ackerlind developed their formula from a series 
of varying bentonite content while keeping the percentage of 
water in the solutions constant. Due to the high absorption o! 
water by bentonite, this is not correct procedure. The formula 
for the silica wash used in the Committee 8H tests is quite 
acceptable. 

The formula for the graphite wash, however, contained only 
0.8 per cent bentonite. Since the silica wash contained 1.5 pei 
cent bentonite and since core wash formulation requires that 
a graphite wash contain from 2 to 214 times as much bentonite 
as a silica wash, the graphite wash used in the tests should have 
contained from 3 per cent to 4 per cent bentonite instead of 0.8 
per cent. 

Both Baume’ of wash solutions and percentage of bentonite 
determine what is called the “drag out,” which means the 
quantity of wash that will adhere to a dipped core. The vari- 
ance in the coatings of the two washes, due partly to the fact 
that the graphite wash contained insufficient bentonite and 
partly to the fact that the graphite wash was used at 18° Baume’ 
whereas the silica wash was used at 58° Baume’, is shown in 
Table 2 of the progress report. On the cores made with 14 ram 
0.32 grams of dry graphite wash was deposited on the core 
as compared with 0.95 grams of silica wash, which means 
3 times as much silica wash. On the cores made with 3 rams 
only 0.2 grams of graphite wash was deposited as compared 
with 0.95,grams of silica wash, which means over 414 times 
as much silica wash. Since the prevention of metal penetration 
into sand has the prime requisite of filling the spaces between 
the surface sand grains to seal these spaces and prevent the 
entry of fluid metal, the much lighter coating of graphite wash 
is a strong indication that this can account, at least in part, 
for the inferior results obtained from this type wash. 

That the filling of sand spaces is of utmost importance is 
borne out by the fact that, although the 14-ram core showed 
a deposit of 0.32 grams and the 3-ram core showed a deposit 
of only 0.2 grams of graphite wash, or only 62 per cent as 
much wash, the casting from the 3-ram core is substantiall\ 
better than the one from the 14-ram core. The harder ramming 
has reduced the spaces between sand grains so that less graphite 
wash did a better job. 

The casting from the 3-ram core coated with silica wash is 
markedly better than the one from the 14-ram core due to the 
fact that both cores showed a deposit of 0.95 grams of silica 
wash which caused the denser core to show much better results. 

Again in all fairness to Committee 8H, work was done at 
the Bureau of Mines and Technical Surveys, Ottawa, Ontario, 
Canada, on graphite washes at 30° and 45° Baume’. If the ben- 
tonite was maintained at the 0.8 per cent, however, the mere 
fact that the Baume’ was raised does not necessarily mean that 
the graphite wash had an ideal formulation that could be 
compared with the silica wash as to penetration prevention. 

It is understood that, under the conditions of the test run 
by Committee 8H and others, reported results are correct and 
indisputable. It is suggested that the value of future work by 
Committee 8H on this project might be enhanced if serious 
consideration be given to the formulation of the core washes 
tested, to the extent that formulas be used that would be en- 
tirely acceptable to actual foundry practice. 

It is further suggested that extra cores be made and measured 
with a micrometer, before and after dipping, to determine 
thickness of surface wash coating and also broken to determine 
depth of wash penetration. For truly accurate comparisons of 
several types of wash, that Baume’ should be used that shows 
a ratio between depth of penetration and surface coating 
thickness that is conducive to best results in. actual foundry 
practice. Also, the same type coating should be used for all 
washes tested, both as to weight deposited on each core and 
ratio between depth of penetration and surface coating. 








IMPROVING 


By 





SURFACE FINISH ON GRAY IRON CASTINGS 


W. G. Parker* 


Introduction 


This paper presents to the operating foundryman 
data that might bridge the gap between the manu- 
facture of good commercial gray iron castings with a 
smooth surface finish and castings that will require 
minimum of finishing. This work, using wood master 
patterns, oil-sand cores and green molding sand, pre- 
sented a real challenge. At the same time that we were 
striving for better finish, we were also endeavoring to 
hold the castings to closer tolerances. The results were 
gratifying in that many of the casting surfaces re- 
quired only a minimum of machining or buffing in 
the finishing operation. 

From our initial attack on the problem we were 
ever mindful of the many pitfalls to be encountered 
as we were to approach the desired extremely smooth 
surface finish. Although the writer had most of the 
published data concerning the behavior of foundry 
sands and practices at his disposal, there still remained 
the functional work necessary to achieve the desired 
results. 

In the beginning, oil-sand core mixtures were used. 
Although successful for some types of jobs, further 
experiments were conducted using cement-bonded 
sands and green molding sand mixtures. Our work 
on the cement-bonded sand mixtures did not show 
promise and was dropped early in the program. Both 
the oil and green molding sand mixtures were found 
to be equally desirable, depending on the type of job 
and the molding procedures. 

It is recognized that improvements to casting sur- 
face finish are the result of the many facets of foundry 
technology that must merge to produce the finished 
product. Perhaps foremost is grain size. Grain shape 
and distribution each have their own beneficial pecu- 
liarities and should be recognized. However as to 
grain size, the experiments in this work employed an 
AFS No. 135 New Jersey Silica Sand, AFS No. 275 and 
103 McConnellsville Sand, and a silica flour No, 325 
mesh as the aggregate. The percentage of these ma- 


* Supervisor of Development of Foundry Materials, General 
Electric Co., Elmira, N. Y. 
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TABLE 1 —- Core SAND MIXTURES 





A B Cc D E 








McConnellsville Sand No. 275.4% 50 50 50 50 50 
Silica Flour No. 325, % 30 © S86 8 
Core Oil, % 25 30 ° 35 40 -45 
Kerosene, % 05 05 19 tt t! 
* AFS Fineness Number 

TABLE 2 —- GREEN SAND MIXTURES 





A B Cc D E 





McConnellsville Sand No. 103,* % 75 

McConnellsville Sand No. 275,* % y | a 75 

New Jersey Silica Sand No. 135,* % 75 
Silica Flour No. 325, % SS ©3 &@2 &@& 
Plumbago, % 28 .28 25 25 25 
Western Bentonite, % 4 40 40 50 520 
Dextrin, % 05 O05 05 0.75 0.75 
Pitch, % 15s. 15 15 


* AFS Fineness Number 





terials, as well as the other additives used, is shown 
in Tables 1 and 2. Data’? to confirm our selection 
of sand for the desired results through grain com- 
paction by common molding procedures were re- 
viewed. The writer’s reference to common molding 
practices is made only to clarify this part of the opera- 
tion since there may be some question as to whether 
one of the newer molding methods is used in this 
work. 

The expansion and contraction phenomenon of 
molding sand, too little understood by most foundry- 
men, is ever present. Preplanning in the selection of 
base sand to alleviate many of the ills often encount- 
ered is not without reason. Work to-date by the Amer- 
ican Foundrymen’s Society sand committees dealing 
with the physical properties of sand and molding 
materials at elevated temperatures contain much valu- 
able information on the expansion and contraction 
characteristics. When it is learned that the percent- 
age of clay and water, mold hardness, as well as sand 
grain size each have an important bearing on the 
expansion and contraction properties, we then begin 
to realize the complexity of a sand mixture. 


54-15 





~~ ss Ww 


~~ Vt Ut 


— 





\W. G. PARKER 


aa 


(dat il Mid lh Mr hi" PSR ll ~*~ a 





Fig. 1—Ojil-sand core and castings for shell molding pat- 
terns, sand Mix E, Table 1. 


TABLE 3 — Core SAND MIXTURES, TEstT DATA 





A B Cc D E 


Moisture, % 0 0 0 0 0 
Green Compressive Strength, psi so fa @ Be 33 
Green Permeability 0* 0o* o* 18 4.6 
Dry Permeability Be 32 2 2 
Tensile Strength, psi 15 33 55 80 85 
Scratch Hardness 13 45 62 78 82 
Hours to Bake** 25 $30 $35 40 45 


*Cores too weak to handle 
**Baking temperature 425 F (218 C) 





Working Procedures 


Core Sand Molding — As a starting point for our 
selection and proportioning of sand and silica flour, 
we aimed at paralleling the experience afforded us by 
the Foundry Department Development Foundry of 
General Electric at Schenectady, N. Y. 

In this instance their core mix consisted of: 

50 per cent McConnellsville Sand No. 230 

50 per cent Silica Flour 

3.2% Core Oil 

7-8% Water 
As shown in Table 1, our first trials with the oil core 
sand mixtures employed 50 per cent of the No, 275 
McConnellsville sand (dry) and 50 per cent No. 325- 
mesh silica flour. The amount of core oil used started 
at 214 per cent increasing by increments of 14 per cent 
until we had reached 414 per cent which had the 
desired physical strength values, both green and after 
baking. 

The test data of the core mixtures, as shown on 
Table 3, indicate fairly well the increase of physical 
values with the increase of core oil. Baking time for 
the test cores of Mix E was 414 hrs. However, we 
found that in foundry core ovens, it was necessary to 
bake the cores considerably longer. As an example, the 
cores shown in Fig. 2 required a 6-hr bake at 425 F. 

All test batches were mulled in a iaboratory size 
muller using the AFS Tentative Method of Testing 
Core Binders. The baking times, as indicated on 
Table 3, were sufficient to bake the cores. 

Figure 1 shows one of the dry sand cores from Table 
1, sand Mix E, with the resulting castings. In this 
instance the casting for general purposes is good. 
However, the castings, in the end use, as planned, were 
to become patterns for shell molding, but were rejected 
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TABLE 4 — GREEN SAND Mixtures, Test DATA 





A B Cc D E 








Moisture, % 54 54 48 54 50 
Green Permeability 3 89 8 75 6 
Green Compressive Strength, psi 3S TA 22 FSA Oe 
Dry Compressive Strength, psi 150 231 215 
Deformation 19.5 21.5 20.0 225 225 
Sand Toughness No. 185 153 140 160 153 
Combustible, % 3.60 





due to their being undersize. 

We could have used several different shrinkage al- 
lowances on the master pattern and perhaps overcome 
the difficulty with the core sand mix, This would have 
been time-consuming and to some extent another cut 
and try method. 

Before making any changes to the master patterns 
to correct the shrinkage differential, we were suc- 
cessful when casting the job in green molding sand 
as described later in this paper. 

Figure 2 shows cores that were used for inserts to 
form the casting cavity in cast iron permanent mold 
dies. The intricate design and alignment in the mold 
necessitated extreme accuracy whereby machining 
could be reduced. As noted in the sectioned core, 
only a facing of the fine oil sand core mix was used. 
The backing sand is our regular bench mix made up 
of silica sand having an AFS fineness number of 55 
with 1 per cent cereal and 0.9 per cent core oil. 

Figure 3 shows the die casting after preliminary 
cleaning with one cavity buffed to show more detail in 
the photo. The weight of the casting as shown is 95 |b. 
The casting cavities, as cored out by the inserts, can 
be used virtually as cast. 

Green Molding Sand — As noted in Table 2, our 
first mixture employed AFS No. 103 McConnellsville 
sand. Although sand Mix A gave a comparatively 
smooth finish, surface of the castings was coarse by 
comparison with the casting surfaces made using the 
previously mentioned core sands, 

Green sand mixtures B, C, and D using McConnells- 


Onn 


ville sand No. 275 AFS fineness gave good results on 





Fig. 2—Oil-sand core insert for permanent mold die cast- 
ing, sand Mix E, Table 1. 
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some types of castings but were discarded once we 
tried the New Jersey Silica Sand No. 135. Figure 
5 is an example of castings made using Mix D from 
Table 2. Sand Mix E, Table 2, having increased mold 
wall stability®* made it possible for us to cast jobs 
with heavier section sizes than was possible with either 
Sand Mix C or D. 

The questions arising on why did the coarser of 
the sands, as used in the mixtures shown in Table 2, 
respond more favorably are many and varied. The 
answers to a portion of the questions are aptly ex- 
plained in some excellent papers by Sanders,’ Ries,*-° 
Schauss-Baley-Woodliff! and Dietert-Fairfield-Hasty.™ 
In addition many other excellent papers on this phase 
of sand technology by competent authors can be found 
in the AFS TRANSACTIONS, 

As with the oil core sand application, only a thin 
facing of the green molding sand was used. The mold- 
ing sand used as backing had the following physical 
properties: 


Moisture, % 4.0-4.5 
Permeability 75 
Aver. Green Compr. Strength, psi 8.5 
Average Dry Compr. Strength, psi 135 
Average Deformation 20 to 22 
Combustibles (Loss on Ignition), % 4.5 





Fig. 3—Permanent mold die after casting with core insert 
shown in Fig. 2. 





Fig. 4—Pattern castings made in green sand, Mix E, 
Table 2. 
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Fig. 5—Chill castings made in green sand, Mix D, Table 2, 
center casting cast against chills. 


Green Sand Deformation 


Although the aim of this paper is not to penetrate 
too deeply the pros and cons of sand technology, the 
writer does want to call attention to green sand de- 
formation as one of the sand physical properties that 
is establishing itself in the minds of more and more 
foundrymen. 

The writer’s interest and work with sand deforma- 
tion!’ has played an important role in developing the 
green sand mixtures of this work. Our efforts in this 
instance were to maintain total deformation in the 
green sand mixtures in the low 20’s and at the same 
time select the type and amount of bond that would 
net the desired plasticity with the minimum moisture 
content. As noted in Table 2, we used 34 per cent of 
dextrine in mixtures D and E as an aid to increase 
green deformation and dry compressive strength 
values. 

Moisture in Mix E, Table 4, is 0.4 per cent less than 
shown in Mix D with the same resulting amount of 
total deformation. This factor, as well as the slight 
decrease in dry compressive strength, is a result of the 
size and type of sand as used in each of these two mix- 
tures. 

The reduced moisture is responsible for better flow- 
ability in Mix E and also reflected in the slightly 
lower dry strength value of the two mixes. 

The mulled sand in each mix had good molding 
qualities.12 The 2x2-in. rammed test core surfaces, 
even under low magnification, showed little, if any 
physical differences due to make up or ramming. 

The castings made in the green sand molds were 
held to close tolerances (2 to 3 thousandths in. per in. 
of casting dimension). Although we did use a few sec- 
onds of torch drying on some of the molds, the re- 
sulting castings showed no appreciable improvement. 

To ascertain effect on mold wall movement!®?* 
while pouring the metal, several molds for the type 
castings shown in Fig. 4 were oven dried. The result- 
ing castings were under size and had to be discarded. 
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Fig. 6—Visual sand grain distribution: A. Core Mix E, 
Table 1; B. Green sand Mix E, Table 2. 


Here again, an evaluation and correction of the 
shrinkage factor by the patternmaker would have been 
possible and resorted to, had the casting surface fin- 
ish shown any improvement in the oven-dried molds 
over casting surfaces produced in green sand molds. 

The absence of green sand deformation in dried 
sand molds is an appreciable factor for producing 
many types of gray iron castings. However, in this 
work where the master patterns were made using the 
standard %4,-in. shrinkage scale, we recognized the 
available green deformation as mandatory to maintain 
dimensional accuracy. 
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General 


All of the molds in connection with this work were 
rammed extremely hard (90 + MHN). To quote 
from Schauss,!® “Green and dry strengths and mold 
hardness values are functions of the energy used in 
ramming.” 

The mixtures, as listed in Table 2, although only 
a meager beginning in the study of this work, were 
encouraging in that the effect of hard ramming did 
not lend itself to the usua! casting surface defects gen- 
erally associated therewith, 

The writer's work on these foundry sands, while 
including some study of the screen analysis, found it 
interesting to compare the visual results in each of the 
various mixtures. As an example, Fig. 6 shows the 
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screen separation of: 
A. The McConnellsville No. 275 (unwashed, dried) 
sand 

B. The New Jersey No. 135 (washed and dried) sand. 
Sanders!* in previous work has created considerable 
interest in this type of presentation. For the practical 
foundryman the writer chooses to believe that this 
method" of studying sand grain distribution is more 
functional than the cumulative direct diagram. 

Our cleaning operation, to remove adhering sand, 
was performed in a blast cabinet using a No. 80 
chilled iron grit. 

All castings were annealed to eliminate any hard 
areas that would have been objectional in the finish- 
ing operations. 


Conclusions 


The writer firmly believes that gray iron castings 
can be made by conventional methods, using either 
oil-sand cores or green molding sand mixtures, and 
produce a very smooth surface finish and very close 
dimensional tolerances. 

Grain size and distribution of the so-called fine 
sands should be the chief consideration in selecting 
the sand to be used, 

The introduction of this venture for the production 
of pattern and allied castings at the writer's foundry 
has already proven advantageous. 

The future adoption of these fine sands in produc- 
tion work depends on many things; paramount are 
the economics and customer requirements. 

In conclusion, the writer believes that those foun- 
dries desiring to approach the refinements of casting 
finish and closer dimensional tolerances by conven- 
tional molding methods will find it advantageous to 
investigate the use of finer sands in their sand mix- 
tures. 
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DISCUSSION 

Chairman: J. H. Lanstnc, Malleable Founders’ Society, 
Cleveland. 

Co-Chairman: C. F. Quest, J. F. Quest Foundry Co., 
Minneapolis. 

Secretary: F. P. GorTrMAN, Standard Sand Co., Grand Haven, 
Mich. 

D. C. WittiaMs (Written Discussion):' The author is to be 
congratulated in putting into print additional examples show- 
ing that when green sand molding is given reasonable atten- 
tion, castings can be manufactured with acceptable surface 
appearance and dimensional tolerance. 

The first sentence of the paper, “This paper presents to the 
operating foundryman data that might bridge the gap between 
the manufacture of good commercial gray iron castings with 
a smooth surface finish and castings that will require a mini- 
mum of finishing,” is of considerable interest to one whose 
occupation involves instructing students in an engineering col- 
lege. Here we find expressed an attitude about the manufacture 
of castings. In teaching foundry courses it is not desirable 
to separate technical details from the thinking and attitude 
of the industry. 

In reviewing the quoted sentence one finds that a good com- 
mercial casting does not necessarily involve consideration of 
the amount of material to be removed by machine tool pro- 
cesses. The question arises, what is a good commercial casting? 
A group of students were asked to put in writing their reac- 
tion to the sentence. Without exception they could not under- 
stand the concept of “the gap” as described. If it becomes 
established in the minds of the students that there is such 
a gap, and there most certainly is, then the graduating engineers 
who enter the foundry industry are faced with the challenging 
problem of e:imination of the gap. The know-how is avail- 
able. The much more difficult task lies in changing the attitude 
of foundry workers, supervision and management. If the grad- 
uating engineer is equipped with technological tools and, of 
equal importance, a background of the thinking and “feel” 
of the foundry industry he is in a position to be of greater 
service. The industry can provide this essential background 
by making available summer employment and _ convention 
attendance for student engineers. 

Information presented in the paper confirms the following 
points which are known to many in the foundry industry. 

1. Smoother castings result from the use of smaller size 
sand grains. 

2. Harder rammed molds result in smoother castings. It may 
be that the author would expand upon the following state- 
ment, “hard ramming did not lend itself to the usual casting 
surface defects generally associated therewith,” by describing 
why hard ramming should result in surface defect. 

3. That the final casting dimensions at room temperature 
are related to the rates of heat dissipation into green and 
dry sand molds. 

4. That if smaller sand grains are used the core baking time 
is increased. 


1 Associate Professor, Dept. of Industrial Engineering, Ohio State .College, 
Columbus, Ohio. 
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W. G. PARKER 


That when smaller sand grains are used the amount of 
bonding material required increases. 

Of interest are the core tensile strength values tabulated in 
Table 3. By assuming that the cores were able to be handled 
satisfactorily then strength values as low as 15 psi appear to 
be sufficient. Yet a value of 85 psi would seem to be in the 
direction of more usable cores even though that strength seems 
to be quite low. All this brings up the question of how 
much core strength is required. Also, from Table 3 it is 
apparent that water was not employed in making the core 
sand mixtures. The addition of water might have made it 
possible to decrease the quantity of oil required to produce 
cores of sufficient strength with no increase in baking time. 
In all probability, if water had been added to the mixture, 
the tensile strengths would have been markedly increased, even 
to values not obtainable on the usual testing equipment. 

In the paper it was brought out that castings produced in 
dry sand molds were not acceptable in final dimensions and 
that castings produced in green sand molds were satisfactory 
when the same pattern equipment was used to produce both 
types of molds. This leads one to consider at least two specula- 
tions such as: 

1. Were the cavities in the green and dry sand molds more 

dense and 
2. Were the cavities in the green and dry sand molds actually 

different in dimensions? 
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These factors may be of importance when one is concerned 
with castings whose tolerances are of the order of “2 or 3 
thousands inch per inch of casting dimension.” In order to 
produce consistently such castings in sand it may become 
necessary for foundrymen to follow the rigid control over all 
phases of casting manufacture as is practiced by those employ- 
ing the investment casting procedure. 


MR. PARKER (Reply to Mr. Williams): The author wishes to 
thank Mr. Williams for his interesting discussion. 

In Item 2, paragraph 4, referring to the effect of hard ram- 
ming, the author has long been aware that hard ramming is 
not the reason for many of the associated casting defects. Out 
of balance sand mixtures are more often the principal cause 
rather than hard ramming. 


Concerning the addition of water to increase hardness values 
of the baked cores as shown in Table 3, the author wishes 
to point out that no cereal was used. Had the sand mixtures 
employed cereal binder, it would have been possible to reduce 
the core oil content and maintain the chosen baked strength 
values. 

Ihe last paragraph of the discussion is interesting. Most 
foundrymen do not give this phase of metal casting enough 
thought. Certainly an intensive investigation of this phe- 
nomenon would be most enlightening. 











ZIRCON SANDS—OCCURRENCE AND 
USES IN AUSTRALIAN INDUSTRY 


By 


Paul Markwell* 


ABSTRACT 
The author discusses briefly the mineralogy, occurrence and 
commercial deposits of zircon sands in the Australian States of 
Queensland and New South Wales, and also their applications 
in Australian industry. 


Introduction 


Beach and dune sands are mined along the south 
eastern coast of Queensland, and north eastern coast 
of New South Wales over a distance of 500 miles, 
and treated principally for the recovery of their rutile 
and zircon content. Commercial production of con- 
centrates commenced in 1941 and by 1952 nearly 
11,000 tons of zircon were produced in that year. The 
history of this industry goes back to 1889, when 
an attempt was made to extract gold from the sands. 
The concentrates were later passed over ‘“‘concentra- 
tion tables’, and a mixed product consisted of ap- 
proximately 45 per cent zircon, 30 per cent rutile 
and 25 per cent ilmenite with minor accessory mon- 
azite garnet and other minerals. Zirconium is a mem- 
ber of Group IvA of the periodic classification of the 
elements. 


Mineralogy of Zircon 


Zirconium, Zr, does not occur free in nature, but it 
enters into the composition of a number of complex 
silicates, most of which are rare. The simple silicate, 
ZrSiO,, is however of widespread occurrence as the 
mineral zircon. This mineral, the metal, and its com- 
pounds are all used in industry. The only zirconium 
mineral dealt with here is the zirconium silicate. 
ZrSiO,, or ZrO.SiO,. 


Crystal System—Tetragonal, the zircon type, is the 
normal or highest symmetry belonging to this system. 

Common Form—Crystals usually prismatic, consist- 
ing of the tetragonal prism and tetragonal pyramid. 

Cleavage—Parallel to the faces of the prism. 

Color—Colorless, gray, pale yellow, greenish and 
reddish brown. 


This is the Official Exchange Paper from the Institute of Aus- 
tralian Foundrymen, New South Wales Division, to the Ameri- 
can Foundrymen’s Society. 


* Manager, McLean Castings Ltd., Sydney, Australia,. 
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Luster—Adamantine, transparent to opaque. 

Fracture—Conchoidal. 

Hardness—7.5 Mohs’ Scale 

Specific Gravity—4.7. 

Optically Positive—Mineral is optically positive. 

Occurrence—Zircon occurs as a primary constituent 
of igneous rocks especially the more acid,—granite 
nepheline—syenite and corresponding pegmatitic 
forms. Zircon is also found in crystalline limestones, 
gneisses and other metamorphic rocks, and the detrital 
deposits containing zircons as gems are derived from 
such primary deposits. Zircon being an obdurate 
mineral, is a common constituent of the heavy resi- 
dues of various sedimentary rocks, such as sandstones. 
Concentrations of zircon, associated with ilmenite, 
rutile, and monazite occur extensively in Queensland, 
New South Wales, Florida and India. 


Minerals of the Concentrates 


Of the commercially important minerals of the con- 
centrates, zircon is obtained as zirconium silicate 
ZrSiO,, containing 67.2 per cent of ZrO,. Generally 
the percentages of the mineral species are:— 


Zircon - - - - - - - 20-45% 
Rutile - - - - - - - 25-40% 
Ilmenite - - - - - - 20-50% 
Minor accessories up to - 10% 


In the table below are the results of sizing analysis 
carried out on a zircon concentrate tested in 1949. 


BRITISH STANDARD 410 














Sieve Aperture Weight of Sized Fraction 
No. in In. In Grams Percentage 
On 72 0.0083 0.181 0.1 
On 100 0.0060 4.893 2.1 
On 120 0.0049 17,572 7.6 
On 150 0.0041 15,775 6.9 
On 200 0.0030 138,560 60.2 
Through 200 0.0030 53.200 23.1 
Total 230.181 100.0 





More recent tests have shown a reduction in the 
percentage of fines. 
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The Deposits 


From the mining point of view, the deposits may be 
classified as beach deposits and dune deposits. A sec- 
tion of a beach deposit presents a laminated appear- 
ance with horizontal layers of heavy mineral concen- 
trates up to about 18 in. thick separated by beds of 
silica sand, the concentrates lying at the surface or at 
depths of several feet. 

Concentrations on the beaches appear to be con- 
trolled by the following factors:— 

The prevailing and dominant wind along the 
Queensland and N.S.W. Coasts is from the South East. 
The main current sets south, but along the coast are 
many stretches consisting of a series of projecting 
rocky headlands separated by arc-shaped sandy 
beaches. The southerly current striking these head- 
lands sets up a counter current to the north along 
the beaches between the headlands. Thus there is a 
drifting of the sand northwards and a tendency for it 
to accumulate immediately south of the headlands. 

The heavy minerals may occur thus:— 

(1) In water-concentrated seams below low tide 
level and up to 20 ft above high tide level in either 
the live or the fixed dunes and possibly below tide 
level to a depth of at least 100 ft. 

(2) In very thin wind-concentrated seams in the 
high dunes. 

(3) Disseminated throughout the dunes. 


Separation of Zircon and Rutile 


Two effective methods of separating rutile and 
zircon are in use, electrostatic concentration and 
flotation. Most plants use the former method for sep- 
aration and the two methods lead to quite different 
plant arrangements. 

The separation of a heavy mineral concentrate 
practically free from quartz is the first objective in 
electrostatic separation and is achieved by gravity con- 
centration — either table concentration only or the 
use of spiral concentrators followed by tables. 

When flotation is used, the heavy mineral concen- 
trate is passed where a special process is used involv- 
ing heating with boiling soap solution, washing and 
flotation. Zircons appear on the market, which have 
been separated by oil flotation but the oil coating on 
the grains makes it difficult to bond and not easy to 
obtain a good green strength for molding purposes. 


Grade Price of Concentrates 


The grade of marketable concentrates is a minimum 
of 96.0 per cent TiO, for rutile, and 66.5 per cent 
ZrO, for zircon. Normally the former contains over 
98 per cent rutile and the latter over 99 per cent 
zircon. 

Zircon prices have remained comparatively steady. 
During 1952 prices of concentrates were valued be- 
tween $50 and $56 per ton at the treatment plant. 

The grade of zircon sand supplied for foundry 
use is guaranteed to contain the following:— 

Fe,O,; - - Maximum 0.1] per cent 
TiO, - - Maximum 0.1 per cent 


ZrO, - - Minimum 66.3 per cent 
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Outstanding Properties 


The properties of zircon sand which make it highly 
desirable as a molding medium and mold coating 
are:— 

High refractory value. 

High conductivity. 

High density. 

Low expansion. 

Resistance to being wetted by molten metal. 

Uniformity. 

High Refractory Value 

This is possibly the most important property and 
the main reason why it has been chosen as a molding 
sand and a mold coating. The melting point of com- 
mercial zircon is approximately 2200 C (3990 F) which 
is considerably higher than for silica sand of which 
the melting point is about 1800 C (3270 F). The 
melting point of zircon sand is much higher than 
the temperatures in the worst hot spots encountered 
in normal foundry practice. Fused core and mold 
surfaces are entirely eliminated by the use of this 
material. Thus zircon sand used as a core material 
overcomes the critical dimensions for small cores, 
surrounded by very heavy sections of metal and its 
application is really noteworthy. 


High Conductivity and High Density 


These properties should be discussed together, be- 
cause both tend to freeze the metal more rapidly. 
Zircon has about twice the heat conductivity and 
twice the density of silica sand. This means that it 
can absorb about twice the amount of heat twice as 
fast, which in effect gives about four times the heat 
dissipation or cooling rate of ordinary silica sand. 
This property must be kept in mind when molding 
light sections in zircon sand, Particularly in cast iron, 
heat transfer from the metal through the mold inter- 
face can result in a white casting which may be re- 
jected for undesirable hardness, 

The mechanism of conduction is most easily under- 
stood by the study of conduction through solids, be- 
cause in this case convection is not present. The basic 
law of heat transfer by conduction can be written in 
the form of the rate equation, which must be a dif- 
ferential equation, because as the operation proceeds 
the driving force changes and, hence, the rate changes. 

Mathematically the equation will take the form 


dQ AF 
_—. ia 
where 
Q = the quantity of heat being transferred 
6 = the time 
SF = the driving force 
R = the resistance 


inne’ ik driving force 
resistance 

The driving force is the temperature drop across 
the solid, since it is apparent that heat can flow only 
when there is an inequality of temperature. 

The resistance term in the above equation is de- 
fined by means of Fourier’s Law which can be writ- 
ten in mathematical form as:— 
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Q is heat flow in time 6 is the rate of heat flow 


k is thermal conductivity (for silica brick about 
0.8) 

A is area 

L is wall thickness 

4 t is temperature drop across the wall. 


The effect of zircon sand on heat transfer may be 
calculated from this formula and the foundryman can 
promote and control directional solidification by 
means of this most useful tool. Sometimes zircon 
sand can be used to replace chills with considerable 
savings in cost. Economies are also effected by the 
fine surface finish when zircon sand is used. The 
higher specific gravity of zircon sand must be taken 
into consideration with cores which overhang as extra 
rods for support may have to be used and extra care 
taken when putting cores in prints to avoid crushing 
of prints. 


Low Expansion 


Zircon’s low expansion, less than one-third that 
of silica, removes many of the problems encountered 
with silica sand. The necessity of using several silica 
sand mixtures in one foundry has its source in the 
high expansion of silica. Usually only one zircon 
mix is necessary for molding and one for coremaking 
in the same foundry. 


Resistance to Being Wetted by Molten Metal 


Zircon sand has another remarkable and outstand- 
ing property, in that it is not wetted by molten metal. 
Molten metal flows across zircon sand without fric- 
tion or a grabbing action. This is another reason 
why zircon mold and core washes are so effective. 
The effect is similar to the movement of mercury 
over a surface. 


Uniformity of Zircon Sands 


The uniformity of zircon sands is another property 
which is beneficial to the foundryman. Mixes have 
been evolved over the years, which will work in the 
majority of foundry applications. The grains of sand 
are fairly rounded and very uniform. 


Working of Zircon Sands 

Very little change from ordinary procedures is 
necessary when working with zircon sands, but cer- 
tain differences should be noted. Zircon sands do 
not require as much water to temper the sand as does 
silica sand. Also, the higher density should be noted 
because of the extra weight of sand to be carried es- 
pecially in cores and when using in certain parts in 
snap flasks. Again, the higher conductivity should be 
observed so that any pronounced chilling effect can be 
controlled to give desired results. Due to its round 
grain, high density and affinity for most common 
binders, zircon requires less binding materials than 
are normally used. 





ZIRCON SAND Uses IN AUSTRALIAN FOUNDRIES 


Zircon Mixture 


Green Sand Molding 
100 lb — Zircon Sand (Dry) 
3 lb — Bentonite 
2 lb — Water 
Core Sands 
100 lb — Zircon Sand (Dry) 
3 lb — Cereal - oil base 
Nil to 4 lb - Water 
Mold and Core Wash 


7.5% — Bentonite and dextrine 
Balance — Zircon flour 

Zircon Shake On 
100% — Zircon flour (200 mesh) 


Zircon finds wide use as a mold and core wash re- 
fractory coating. The problem of suspension due to 
high density of the zircon, although ground finely, 
has been overcome, and by using a plastic wash base 
(silica free) zircon flour and water, a satisfactory mol« 
wash has been prepared. The zircon sand is ground 
to a fineness in a ball mill to pass a 200 mesh screen. 


Advantages 
High refractoriness 
Good surface finish 
Good definition 
Reduces cleaning costs 
Eliminates chills in some cases 
Less binding material is used 
High hot strength 
Disadvantages 
High Cost 
Not easily obtainable 
Dearth of precise information. 


Particular Applications 


1. Zircon sand is used in cores for throws of crank- 
shafts to eliminate metal penetration due to heavy 
mass effect of metal. 

2. Zircon sand is also used in cores for pump 
bodies, hydraulic pressure control cylinders, complete 
internal core system in Diesel engine heads, special 
gear box casings used in machine tools and for Wil- 
fley pump impellers. 

3. Zircon is used to make ferro-silicon-zirconium 
which is a strong deoxidizer and grain refiner in steel- 
making. During World War II, vanadium was prac- 
tically unprocurable in Australia and zirconium was 
substituted successfully in bullet-proof sheet, solid 
shot, bayonets and chrome-vanadium spring and tool 
steels. Perhaps the outstanding property of zircon- 
ium metal is its resistance to corrosion when in con- 
tact with numerous reagents. 

In general, it can be stated that the corrosion-resist- 
ing properties of zirconium compare favorably with 
those of tantalum, Zirconium is being subjected to 
trials in equipment handling hydrochloric acid solu- 
tions. Zirconium appears to be superior to tantalum 
when resistance to concentrated alkalis is concerned. 
Like tantalum, zirconium seems to cause no undesir- 
able effects when embedded in various parts of the 
human body. Surgeons have been investigating the 
use of zirconium for sutures, screws, skull plates, 
hemostatic brain clips. In this field, as in some 
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branches of chemical engineering, it seems likely that 
zirconium will at least partially supplant tantalum. 


Foundry Applications 

Foundrymen throughout the ages have been trying 
to find a refractory material which will stand up 
under the high temperatures to which it is subjected, 
particularly those of steel and cast irons. 

Soon after 1930, zircon sand which was considered 
a rare mineral, was tried and proved to have excep- 
tional merit. However the introduction of zircon 
sand into general foundry use was slow due to the 
scarcity of supplies, lack of knowledge and the very 
high price. Zircon prices now are, much lower than 
they were 15 to 20 years ago, but will probably never 
be as low as silica sands. 


Recent Developments 

Gettering Properties—At temperatures in the vicin- 
ity of 1000 C (1830 F), zirconium rapidly absorbs 
gases other than the inert gases and hydrogen; the 
latter is absorbed at approximately 300 C (575 F). 
These gas-absorbing qualities of the metal are em- 
ployed in the production and maintenance of “hard” 
vacuo in electron tubes. Usually the zirconium is 
used in the form of sheet or foil which is heated by 
radiation from the tungsten filament. The zirconium 
“getter” is placed so that one part is heated to about 
1000 C (1830 F) during operation of the tube, while 
another portion rises to approximately 300 C (575 F). 

Zirconium getters are being used chiefly in power 
tubes. However, their use in small receiving tubes 
seems to be extending rapidly. Electronic engineers 
would welcome the development of zirconium-base 
alloys which would be superior to pure zirconium in 
the retention of mechanical strength at elevated 
temperatures. 


Absorption of Slow Neutrons 


There is only a small group of metals which exhibit 
a low tendency to absorb slow neutrons and which 
are therefore of special value in the construction of 
atomic piles. Zirconium is an outstanding member 
of this group because it possesses excellent corrosion 
resistance; it can be easily shaped and it can be used 
at temperatures above the melting point of alumi- 
num, the metal which is frequently used to encase the 
uranium slugs in atomic piles. 


Technology of Zirconium in Steel Manufacture 


The element zirconium can perform functions of 
two varieties in steel production. The first effect re- 
lates to scavenging due to its strong affinity for oxy- 
gen, nitrogen and sulphur while the second effect 
refers to its true alloying properties and affinity for 
carbon. 

Zirconium cannot be regarded as a major alloying 
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element in steel manufacture and is unlikely to be- 
come one. However its strong carbide stabilizing 
quality and its ability to chemically reduce dissolved 
gases and oxides accords the steel an inherent fine 
grain with consequent improvement of its ductility 
and shock resistance. 


Conclusion 


The advantages of the proper application of zir- 
con sands far outweigh any disadvantages, but cau- 
‘tion must be taken and the material used in its cor- 
rect place, otherwise high costs will be incurred with 
no benefit being derived therefrom. However where 
zircon is needed, it will prove to be considerably 
cheaper than silica when the final cost is checked. 


DISCUSSION 


Chairman: E. L. BucuMaNn, Ford Motor Co., Cleveland 
Foundry Div., Cleveland. 

Co-Chairman: 'T, Gtszczak, Central Foundry Div., Defiance 
Plant, GMC, Defiance, Ohio. 

H. W. MEYER (Written Discussion):* The author in preparing 
his paper has in an interesting and brief manner described 
the mineralogical characteristics, outstanding properties, ad- 
vantages and disadvantages which make zircon sand a desirable 
and practical material to use in the foundry. 

The material cost is rather high. The discussion used zircon 
sand and flour extensively in mold and core sand mixtures 
for both chilling and the elimination of severe cases of metal 
penetration, as well as in core and mold washes. The discussor 
concurs with the author that the use of zircon sand in a steel 
foundry is practical if economically and judiciously used. 

Care must be exercised in the formulation of zircon core and 
molding sand mixtures or the beneficial effects expected from 
the use of zircon sand may be lost. It may be only a psycho- 
logical thought, but it has seemingly been experienced that 
when a zircon molding or core sand mixture used to prevent 
metal penetration fails, the combination zircon sand and steel 
is more difficult to remove from a casting than a like combina- 
tion of silica sand and steel. 

Experience has proven that the introduction of core oil to a 
zircon core sand mixture intended for chilling purposes is not 
desirable, for most of the chilling effect is lost. The most 
effective zircon core and molding sand mixtures intended for 
chilling purposes are bonded with bentonite and cereal binder. 
Phenolic resin may also be used as a satisfactory core binder 
without loss of chilling effect. 

The high refractory characteristic of zircon sand may be- 
come a liability to foundrymen when zircon sand is used in 
the production of large steel castings. Zircon mold and core 
sand mixtures absent of some constituent capable of producing 
incipient fusion will have very low or no hot strength shortly 
after exposure to the pouring temperature of molten steel. 
Bentonite and zircon flour are sand mixture constituents capable 
of introducing incipient fusion and creating hot strength in 
a zircon mold or core sand mixture. 

Zircon mold and core sand mixtures are capable of being 
used effectively as a mold or core facing being backed up 
even by a relatively inexpensive silica sand mixture in some 
cases if casting conditions permit. This also will eliminate the 
weight problem the author mentions in his paper as well 
as bringing about an economy in its use. 


1 General Steel Castings Corp., Granite City, IIl. 








METHODS FOR SPECIAL PIPE 
PRODUCTION IN AUSTRALIA 


By 


G. J. Benson* 


Introduction 


® Australia covers an area nearly equal to that of the 
U.S.A., but the total population does not exceed 814 
million people. Victoria, the smallest mainland state 
has a population of 214 million; Melbourne, the 
capital, 114 million—half the state’s population. 
Australia is not provided by nature with high snow- 
clad mountains, or large rivers, and the conservation 
of water is of vital importance to the whole com- 
munity. 

Victoria is probably the most fortunate of the main- 


* Instructor in Charge of Metal Founding, Melbourne Tech- 
nical College, Melbourne, Australia. 


This is the Official Exchange Paper from the Institute of 
British Foundrymen (Australian Branch, Victoria) to the Amer- 
ican Foundrymen’s Society. It was presented at a Gray Iron 
Session, May 13, 1954 at the Annual Meeting of the American 
Foundrymen’s Society in Cleveland. 
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Fig. 1—Cross section of five-ton faucet tee pipe to be 
molded with strickles. 
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Fig. 2—Hold-down plate with tee pipe superimposed to 


shown positioning in mold. Pipe is part of irrigation 
pumping system used in Australia. 





‘or 
=r 
S 
O (e) (@) oO Oo 
aie oes ~— Se 
S “Oo Oo Oo fe) Ra, 


land states in regard to water supply; Melbourne en- 
joys an adequate supply of pure soft water, piped to 
the city from strictly controlled watersheds 50 to 60 
miles away in forest clad hills. The country towns 
usually draw their water supply for domestic and ir- 
rigation from rivers which are locked by dams and 
weirs. The main bodies responsible for the supply of 
water to the community are the State Rivers & Water 
Supply Commission, catering for country towns and 
all irrigation projects in the state, and the Melbourne 
& Metropolitan Board of Works, controlling the sup- 
ply of water for Melbourne. 


Pump Irrigation Required 
A considerable portion of the state is irrigated by 
gravitation, but in some parts pumping is necessary, 
and thus the call comes for castings of the type to be 
described. The number of castings is usually small, 
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which limits the number of foundries handling this 
type of work. Two types will be described: 

1. A 48-in. internal diameter faucet tee pipe, tested 
to withstand a 300-ft head of pressure. This pipe 
is molded by the frame and strickle method, as 
termed in Australia. 

2. A flanged 90° bend pipe, 54-in. ID, metal thick- 
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Fig. 3—-Complete core arbor for tee pipe. 


ness of body 11% in. required for low-pressure 
irrigation pumping systems. This pipe is molded 
using a shell skeleton pattern. 

Only six or seven foundries in Melbourne and one 
other outside are able to handle this class of molding. 
When it is considered that the tackle for a 5-ton (all 
weights based on 1 ton = 2000 Ib) casting may weigh 
151% tons it will be realized that the production of 
a small number of castings is costly. Some foundries 
keep in stock tackle such as hold-down plates and 
loose box sides; this would reduce costs considerably. 
However, the author intends to assume that no suit- 
able tackle is available. 


Faucet Tee Pipe 


Estimated weight of the faucet tee shown in Fig. 1, 
allowing for a slight gain in thickness by using strickles 
is approximately 5 tons. Thickness varies from 274 
in. on the joint line to 13% in. on the bottom and top. 
All the tackle needed is cast in open sand. 

Bottom Hold-Down Plate. A hold-down plate measur- 
ing 12 ft x 10 ft x 3 in. thick with a suitable number 
of lugs, and lightening holes, and provision for rigging 
for spindle work is first cast (Fig. 2). The weight of 
this plate would be approximately 5 tons. This plate 
is permanently set in the foundry floor at a depth 
suitable for general heavy work. Hook bolts of a 
length sufficient to cater for a number of different 
jobs are held in position by a toggle, convenient di- 
mensions being 114 in. dia. x 12 ft long, with the end 
in the floor in the shape of a hook. The author has 
found that screwed ends rust quickly and cause trouble 
later. 

Core Iron. A suitable core arbor (Fig. 3) is then cast, 
the estimated weight of the casting being 414 tons. It 
must be rigid to prevent any spring during pouring, 
and is most conveniently made in two sections so 
that it may be reclaimed for future use. The two 
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branches are molded separately with the aid of a num- 
ber of loose pieces (Fig. 4). After setting the frame 
(Fig. 7) level in the foundry floor, usually on the hold- 
down plate to save floor space, the mold for the core 
iron is rammed up, starting from the one end and con- 
tinuing until the straight iron is complete. About 18 
in. length is allowed for each print, making provision 
for securing the branch and providing lifting and bear- 
ing ends. (See Fig. 4, right). 


New Wings Formed 


As the wings and center piece are rammed, they are 
successively withdrawn and placed further along to 
form new wings. The branch is then molded by the 
same process, and the arbor is assembled in the clean- 
ing department. (All the tackle required is made and 
assembled with very little aid from the machine shop.) 
With this type of core iron, there should be ample 
clearance at the sides, and the iron should be about 
2 in. shallower than half the internal diameter of the 
pipe. This allows for wedging under the cope and also 
assists in minimizing contraction stresses. 

Cope. The cope (Fig. 5) is molded in another section 
of the foundry. The sides, ends, and bars are all cast 
in open sand; the bolt holes take 34 in. bolts and are 
oval. The pattern equipment consists of a simple open 
frame with bolt-hole prints set on 9 in. centers. Esti- 
mated weight complete is approximately 614 tons. 

Faucet Patterns. To save pattern costs, the six half 
patterns for the faucets of the pipe are struck up 
(Fig. 6) and split with a 3/16-in. mild steel plate. The 
dowel pins are cast in, the tapered end of the dowel 
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1 &H— FOUR TO SIX REQUIRED 
11 — THREE REQUIRED, EACH 9 in. LONG 


Fig. 4—Pattern equipment for core arbor. At right, 
method of supporting. 


pin protruding through a drilled hole in the splitting 
plate. This is coated with a graphite wash on one 
side, and roughened with a diamond-pointed chisel on 
the other so that the metal will bite on. This method 
provides six half-faucet patterns, which, while not 
precise, are sufficiently accurate for the desired ap- 
plication. (Small bosses on the faucet for securing 
straight mild steel pipes are marked off and bedded 
in after striking up, and before drying the molds.) 


Pattern Equipment 


Molding the Pipe. The pattern equipment consists of 
a frame and strickle boards as shown in Fig. 7 and 8. 
A suitable hole is excavated and the hold-down plate 
is set and hook bolts placed securely in position. 
Bearing irons are measured and placed so that the 
cope and core iron transfer their entire weight to the 
hold-down plate, ensuring that the sand is not called 
upon to take any of the load. It is also essential to 
ensure that the core irons can be wedged under the 
flange of the cope box; short pieces of H-girders 
(obtained from the fabrication shop scrap heap) are 
generally used as bearers. 








94 


Should it be desired to leave the hold-down plate 
permanently in the foundry floor, it is suggested that 
a coke bed 4-6 in. thick be placed upon the plate and 
vent pipes led to the joint line. After preparing the 
bed, the mold frame is set in position, making sure 
that it is dead level. This is important, since the half- 
faucet patterns are set, with the aid of a level, at right 
angles to the frame. The mold is next rammed up 
to floor level using a medium grain size sand. 

In Melbourne, Oakleigh Red Sand, a uniform 
natural sand of AFS Fineness No. 45 containing 12-15 
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Fig. 5—Detail of flask sides and flask bars. 


per cent AFS clay is used, the prepared sand having 
the following typical properties: Moisture, 5-6 per cent; 
Permeability, 50-100; Green Compression Strength 
8-9 psi. For this type of work the author uses about 
5-6 per cent of organic material such as sawdust in the 
sand to counteract sand expansion defects and in- 
crease the collapsibility of the core and allow the 
casting to contract. 


Inside Strickle Saves Time 


Bottom and Core. Some molders strickle first to the 
outside dimensions and then strickle on the metal 
thickness. The author however, prefers to strickle to 
the inside (core) measurements on the bottom, since 
this saves time. The bottom is therefore strickled to the 
core dimension, using half strickles on the radii of 
the tee. The frame is staked with small stakes and 
after removing the end cross pieces, the core iron is 
tried and the bearings adjusted so that there is at least 
one inch clearance below the bottom of the core iron. 

After removing the core iron, wet paper or wet part- 
ing sand is placed on the mold and a layer of facing 
sand is placed on top of the portions. The core iron is 
replaced after clay-washing, the three end pieces of 
frame are replaced and the bottom half of the core 
is rammed using hookers or gaggers where necessary. 
Blocks are inserted between the core iron bars of such 











Fig. 6—Strickles for cast iron faucet patterns. 


a size that when rammed up to the joint line the thick- 
ness of core sand is limited to about 12 in. The cavities 
left by the withdrawal of the blocks are now vented 
and rammed up with coke or cinders. The coke and 
cinders are then heaped up above the core iron until 
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10-12 in. only remains for sand to be rammed. (The 
author uses metallurgical coke which is later re- 
claimed.) 

The three top half-faucets are now set in position 
and their alignment is checked carefully. After splash- 
ing the coke with clay wash (not too thick) the top 
half of the core is rammed, in this case, to the out- 
side diameter of the body of the pipe. The area be- 
tween the faucets and the print ends is next struck off. 


Must Sit Firmly 


After removing the frame, making the joint line, 
and coating with a suitable parting, the built up cope 
is tried on, checking carefully that it sits firmly on the 
bearers. Four down gates of 134 in. diameter are placed 
on each side of the body core. The runners are cut 
in the bottom prints and three ingates from each 
down gate are cut into the mold. Providing care has 
been taken in the preparation of the facing sand and 
mold, very little, if any, nailing or sprigging in front 
of the runner is necessary with the sands available in 
Melbourne. 

Cope and Finishing. The cope is now rammed up, 
using gaggers where necessary, and is staked securely. 
Then the cope is lifted off. Using the provision made 
on the flask for turning without undue jerking, it is 
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Fig. 7—Frame for strickling tee pipe. 


rotated and then finished, ensuring that clearances are 
cut along the joint lines and around the prints, and 
taking risers off each faucet. In finishing, the author 
prefers a block of cork and only uses a steel sleeker 
after the graphite wash has been applied, finally brush- 
ing with a fine brush using a light wash. 


Not Always True Mate 


The frame is now replaced and the metal thickness 
struck off the top of the core. In some of these pipes 
where the branch runs into the body, the half strickle 
will not always mate. If so, the section should be 
sprigged first so that in cutting away with the trowel 
the metal thickness can be checked carefully. The 
three half-faucet patterns are lifted off and the end 
pieces of the frame are removed, preparatory to lifting 
out the core. 
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The author prefers to lift the core just off its bearers 
with the aid of the turnbuckles and then remove it 
completely with the electric crane. The core is placed 
on an oven truck and finished and dried carefully. 
The advantage of the large amount of coke in the 
core now becomes apparent; it not only lightens the 
core, but aids the drying and later assists in the con- 
traction of the casting. 

The end pieces are replaced on the frame and the 
metal thickness is struck off the bottom. The three 
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STRICKLES FOR BRANCH 


Fig. 8—Strickle boards for use with frame shown in 
Figure 7 (p. 67). 


half-faucets are withdrawn and the bottom of the mold 
finished in a similar manner. After the cope has been 
stiffened a little by partial drying, it is turned over 
and again set on the bottom. The assembly is now 
dried by a portable mold drier. Seldom is any trouble 
experienced in closing molds made by the frame and 
strickle method, providing clearances have been cut on 
joint lines and prints and that thickness clays are 
used. There is always a slight gain in metal thickness 
when using this method but this may be concentrated 
by making the core strickle boards 1/32 in. “full” and 
the mold strickle boards 1/32 in. “under”. 


Set Girders on Bearers 

After closing the mold, making up the runners and 
riser heads, securing the vents and joints against pos- 
sible run-outs, girders or stout rails are set on bearers 
on the cope and the whole screwed down securely. 
The core iron is finally secured by wedging between 
the bottom flange of the cope and the core iron. 

Pouring and Cleaning. Figure 9 shows a sectioned 
mold set up ready for pouring. The composition of 
the metal is approximately: total carbon, 3.3 per cent; 
silicon, 1.5—1.75; manganese, 0.6—0.8; phosphorus, 0.4 
-0.6; and sulfur, 0.05. The pipe is poured from two 
ladles at 2480 F (approx.). 

After casting, runner heads and risers are removed, 
the end plates of the cope are unbolted and removed 
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and the casting is eased around the faucet, especially 
at the joint line. After easing, the ends are replaced 
to prevent cold air from playing on the exposed cast- 
ing. The casting is removed from the sand when it is 
cool enough to handle comfortably, the top half of the 
core is dug out, and the core iron is unbolted so that 
each section can be reclaimed for further use if re- 
quired. 
Dimensions of the flanged bend pipe are shown in 
Fig. 10. A shell skeleton pattern made in halves is 
used. This type of large pattern must be handled 
with care, since “winding” may occur very easily. 
The tackle is made similarly to that for the previous 
example but provision must be made to support the 
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Fig. 9—Mold and core assembly ready for pouring pipe 
tee for irrigation system. 


core without the aid of chaplets. The core iron 
(estimated weight 414 tons) is therefore cast with a 
balancing arm (Fig. 11 and 12) using the same hold- 
ing down plate as in the previous example. Owing 
to the thin metal section, the green strength is reduced 
and the percentage of organic material increased in 
the sand for the top half of the core. 

To counteract the tendency in large bend pipes 
for the core to spring or lift slightly at the bend while 
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Fig. 10—Flanged bend pipe to be made with skeleton 
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casting, the author builds up im the center of the 
core bearers to take a stout chaplet (Fig. 13). A dry 
pine section is inserted about 114 in. below the top 
of the core; the remaining 11% in. is built up to the 
face of the core with a steel or cast iron disc. After 
casting, the pine section chars and thus eliminates 
the risk of a contraction crack at the chaplet. This 
chaplet, which is wedged down from under the cross 
holding girders or rails, is not intended to prevent the 
whole core from lifting, but is only a precaution to 
take up any slight spring that may occur during 
pouring. 


Support Prevents Twist 


The same molding procedure is followed, taking 
care that the pattern is set level and supported to 
prevent any twist or winding and that all bearings sit 
in their correct position. It is possible to use the cope 
side of the tee job, casting separate bars to follow 
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Fig. 12—Core arbor for bend pipe, showing balancing arm 
at top of drawing. 
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Fig. 13—-How “spring” is avoided in bend pipe core during 
casting. Section AA refers to Figure 12. 


the contour of the bend. The author prefers to keep 
the flasks rectangular or square even though this may 
require more ramming. However, it is possible to block 
off a section if so desired. The numbers required do 
not warrant special boxes to follow the contour of the 
pipes; in many cases they are also more awkward to 
handle. 


Similar Procedure 

Assembly and casting are as for the previous pipe. 
After casting, all bolts are eased, cope ends are re- 
moved and the core eased. The cross bars adjacent 
to the inside of the flangers are unbolted and with- 
drawn with the aid of the crane. With a light sectioned 
large pipe, as soon as the casting is sufficiently cool 
for men to work on it, the inside of the core is further 
eased out and the casting is then left in the sand be- 
fore removal until it has nearly reached room tempera- 
ture. The estimated weight of the bend pipe is between 
3.3 and 3.4 tons. 

Strickle boards are eliminated by using a shell 
skeleton pattern, but the extra cost of the pattern must 
be taken into consideration. The flask sides usually 
are retained, but after the castings have been in service 
for a specified period the core irons and flask bars 
are broken up for scrap. This prevents the accumula- 
tion of large quantities of tackle unlikely to be used 
again, since it is rare for an exact duplicate to be 
ordered. 


Conclusion 


The cost of producing the type of casting described 
is high and unless a number of castings are required 
competition from fabricated sections is fairly keen. 
The number of jobbing molders capable of molding 
this type of work as well as marking out the tackle 
necessary are all too few. In this era of rapid ex- 
pansion of mechanized foundries, founders must not 
lose sight of the importance of jobbing work and must 
continue to train men in this highly specialized art. 
Such training also fits men admirably for responsible 
positions in mechanized shops. 
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CUPOLA MELTING OF CAST IRON 
BORINGS AND STEEL TURNINGS 


By 


Wm. Y. Buchanan 


ABSTRACT 

The utilization of cast iron and steel turnings and borings 
has exercised the minds of foundrymen, on and off, during 
the past 80 years, and successful methods have been in opera- 
tion during that time. Interest has recently been revived. 

The question whether these materials can be charged loosely 
into the cupola is dealt with in this paper. 

The purpose of the paper is not necessarily to recommend a 
process but to give proof, by example, that it can be done. 
This conclusion is based solely on the author’s experience. The 
paper gives details of early experiments from which present 
practice has been evolved. 


@ Recent examination of the history of the melting 
of cast iron borings, showed that a patent was granted 
in the United States to G. Whitney in 1872. The bor- 
ings were packed in wooden boxes and these were 
added to the cupola charge in the ordinary way. Old 
sheet iron cans filled with borings were reported to 
have been in common use before 1900 in Pennsylvania. 

In 1908, W. Y. Prince obtained a patent in the 
U.S.A. in which he used steel tubes about 2 ft. long 
and 10 in. in diameter. These were placed upright in 
the cupola with the remainder of the charges packed 
round. The tubes were filled with borings in situ, and 
further tubes were placed on top until the cupola was 
fully charged. The tubes descended with the charges 
as the borings melted, further tubes and borings 
being added at charging level as the melt proceeded. 
As the tubes were of steel it was assumed that the 
borings would be fritted and consolidated by the heat 
before the tube melted. This method was still used in 
1916, but has obvious disadvantages and has apparently 
since been discontinued. 

Perhaps the most important patent was that granted 
to A. Ronay, a Hungarian, in 1902, for the briquetting 
of borings under high pressures. This method is still 
popular although the patent has, of course, lapsed. 
Other investigators have studied the effect of briquet- 
ting using lower pressures with binders including so- 
dium silicate, clay, tar, etc. 

Attempts have been made from time to time to melt 
borings charged direct in to the cupola without previ- 


* John Lang & Sons, Ltd., Johnstone, Renfrewshire, Scotland. 
This is the Official Exchange Paper from the Institute of 


British Foundrymen to the American Foundrymen’s Society. 
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ous treatment, but this has not generally been success- 
ful. It has usually been found that this leads to high 
losses, due to the material being blown out of the 
cupola, and also through direct oxidation of the bor- 
ings. The large amount of iron oxide formed, produces 
a slag which causes severe erosion of the lining. 

At present the two main methods of utilizing borings 
in the cupola charge are by briquetting or by enclosing 
in sheet iron canisters. A successful process for the 
melting of loose borings without previous treatment 
has recently been developed and this will be described 
later. 

The foregoing is an introduction to a British Cast 
Iron Research Association report on “The Melting of 
Borings” written in 1938. The second last paragraph 
should be particularly kept in mind when reading 
this paper. 


Melting Advantages 


The melting of cast iron and steel borings and cut- 
tings in the foundry has certain advantages: 

1. Economy of transport out of, and new material 

into, the foundry. 

2. Borings from one’s own castings are of known 
composition and can be kept free from contami- 
nation. 

3. The great difference in market prices between 
borings going out and pig coming in (assuming 
scrap supplies to remain constant). 

4. Conservation of foundry materials, instead of a 
steady loss to the chemical and other industries 
which get these materials, such as borings, at a 
very low cost because of the lack of scrap policy 
in the metallurgical industries. 

The author in this paper will give only actual data 
of his own work, all of which is of a distinctly practical 
nature, during the carrying out of which the assump- 
tion has always been that the process will work and so 
working conditions have been given careful considera- 
tion. 

The more revolutionary ideas were always tried out 
by the author not out of any liking for being burned, 
but under the firm conviction that if workmen are 
interested and given reasonable conditions many a 
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Fig. 1—Cross section of 32-in. diam., balanced blast cu- 
pola. Data for heats shown in Tables 1 and 2. 
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critical stage in the development of such new ideas will 
be successfully negotiated. It is also a good thing to 
have everything go wrong at the beginning. When all 
the primary difficulties have been overcome the work- 
men gain great confidence and the dismal prophets 
who knew all along it would not work are trapped 
into saying so and then silenced for good. In the last 
year or so, some other work has been done in England, 
and a little published, on the melting of loose borings 
in the cupola, but one suspects that this has been done 
with the object of proving the idea unsound. 

The cupola works best with uniform materials, i.e. 
coke and metal of correct size which are in direct 
proportion to the diameter of the cupola; large mate- 
rial in a large cupola and small material in a small 
cupola but of uniform size in all cases. It is not good 
practice to add small material along with normally 
large material in a foundry cupola. The author prefers 
to melt small material in a separate cupola to produce 
pig of normal size and reasonably uniform composition 
for charging to the foundry cupola. 

Cupola melting in a machine tool foundry is a very 
critical process. The machinist is inclined to dispense 
with the formality of metal specification, either chemi- 
cal, mechanical or microscopical. The very best he gets 
today becomes his demand for tomorrow. Cast iron 
must machine easily, but wear hard, and must on 
machining look like steel and never on any account 
like cast iron. This leads to the use of low carbon, 
low silicon, low phosphorus irons which set quickly 
and must, besides being hot, be cast very quickly. If 
the cupola is not absolutely up to its best form, the 
good work of the molder and the metallurgist may be 
rejected summarily. 


Cement Binders. About 1928 when nickel cast iron 
was first put forward, the author was engaged in mak- 
ing castings containing 2 per cent nickel and 0.5 per 
cent chromium. Presence of this percentage of nickel 
made the cuttings more valuable than usual. At that 
time it was the custom to use cast iron borings for 
making up floors throughout the engine works and 
stock yards. Some cupola charging material was made 
using cement as a binder. The material charged to a 
small cupolette furnace consisted of 450 lb cement 
briquet lumps, 400 Ib nickel cast iron scrap and 400 
lb common scrap. 

The result was about 30 per cent loss of the bri- 
quetted material, although 90 per cent of the nickel 
was recovered in the resultant pig. In preparing the 
briquetted material, about 14 per cent cement by 
weight was used and the mixture was spread out in 
the form of a pavement, then broken up in the yard. 

This operation was carried out in the open air 
during wet weather and this may have been the cause 
of excessive loss by oxidation in the cupola. This may 
explain why others have found it more successful since, 
by no doubt keeping everything under cover. Costs 
were worked out, and the recovery of nickel proved 
worthwhile, but the effect on the borings, charged in 
this way, led to the process being discarded. 


Sheet Metal Canisters. About 1934, an attempt was 
made to obtain a supply of sheet metal canisters, but 
the supply of canisters offered was of such a price as to 
cause unfavorable comparison with the ruling cost of 
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scrap. This price turned out to be about $10 per ton 
of melted borings, so the idea was abandoned. Some 
extensive experiments were carried out using discarded 
biscuit tins but this also was discontinued through 
unfavorable circumstances of supply. 

No doubt the cost quoted for canisters would have 
been systematically reduced by modern production 
methods, and a more diligent approach to the question 
on the part of the makers. The manufacturers con- 
tacted at the time did not appear to be very anxious 
to develop a new line of business, and the inquiry was 
frustrated by the high price quoted. A large quantity 
of cast iron borings was, however, packed in cans and 
drums and these melted in a 45-in. cupola without 
undue trouble as has been described by other writers. 

This method seems to have been successful in one 
or two plants where sheet iron cuttings are available 
for the making of canisters on the spot. In general, 
the amount of borings used as a constituent of the 
charge when added in this manner, is similar to that 
employed using briquets. The average addition in 
the cases available is 10 per cent with, in special cir- 
cumstances 15 to 20 per cent. 


Cement Bonded Steel Cuttings. Several mixtures were 
tried using cement, coke dust, and small cold saw 
cuttings. The overall diameter of these cuttings was 
about 14 in. Briquets were made in 9-in. cubes in a 
machine specially designed for the purpose and oper- 
ated manually. The setting time, of course, was entirely 
dependent on the characteristics of the cement. The 
machine, apart from shaping the block, did nothing 
else and the resultant hardness was due entirely to the 
cement. The pressure which would be required to 
improve the bonding would be not less than 300 tons. 

The operation of this machine was too slow; for any 
degree of success a continuous operating plant would 
be necessary. High expense ruled this out. 

A return was then made to laying the material out 
like a pavement using the mixture: 

6 buckets steel cuttings 

2 buckets sand 

4 bucket coke breeze less than 14 in. 

1 bucket Portland cement. 
This was mixed in a concrete mixer. Hardening time 
was at least seven days. When broken up the mixture 
left considerable quantity of rubble, especially when 
the turnings were not small enough. 

This material showed no signs of serious rusting and 
in the cupola appeared to melt quite satisfactorily. 
The practice was eventually discontinued as the mate- 
rial was difficult to hand charge, there was the excessive 
amount of rubble, and labor costs were high. These 
objections could have been largely removed by suitable 
mechanization. 


Continuous Melting in a Crucible. A temporary pit 
fire was constructed over a chimney flue, and into this 
was incorporated a 600-lb graphite crucible with a 
Y-in. hole drilled through the bottom. This was 
charged with dry cast iron borings and as the melting 
proceeded the cast iron ran straight through into the 
ash pit, where it formed into small pigs, which were 
periodically removed. The idea was to impart to the 
borings only the minimum heat required for melting. 
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Fig. 2.—Tubular casting machine designed to produce 
lumps of metal from melting borings for remelt. 


As the molten metal ran out it made room for cold 
material moving downwards. The melting rate of this 
experimental arrangement was only 20 lb per hour 
and the weight of the coke consumed was equal to the 
metal melted. 

No doubt the efficiency of this method could have 
been greatly improved and the coke consumption re- 
duced to about 30 per cent or less in a standard tilting 
crucible furnace. The project was abandoned because 
of the low capacity and because experiments were 
about to commence in a 32-in. cupola. 


32-in. Balanced Blast Cupola. All previous methods of 
preparing borings, such as pressure briquetting, pack- 
ing in containers, bonding with cement, clay, tar, 
sodium silicate, etc., are applicable only to cast iron 
borings and steel turnings in the smallest form. Some 
of the methods apply only to cast iron borings. Such 
material as cleaning-room refuse, and sand-plant tail- 
ings containing fins, sprigs, gaggers, and small metal 
pellets is unsuitable for briquetting or packing in 
containers. 

Similarly, the cupola drop contains a large quantity 
of dispersed metal bonded to coke and slag. In normal 
cupola practice the slag should be kept in good condi- 
tion, enabling the iron to be collected by electro- 
magnet, and charged to the borings furnace without 
preparation. 

“Attempts have been made from time to time to 
melt borings charged direct to the cupola without 
previous treatment, but this has not generally been 
successful. It has usually been found that this leads to 
high losses due to the material being blown out of the 
cupola and also through direct oxidation. The large 
amount of iron oxide formed produces a slag which 
causes severe erosion of the lining.” This quotation 
from the B.C.I.R.A. report clearly shows the prejudice 
against loose borings. Indeed, of about 100 foundry- 
men who formed an organized party to the author's 
foundry in 1936 to inspect the melting of loose bor- 
ings in the cupola, it is certain that not one believed 
even what he saw. 

This process as now carried out seems simple but 
at the time of commencing these experiments early 
in 1936, it was generally considered so impossible as 
to bring ridicule on anyone who suggested otherwise. 
Naturally oxidation, lining loss, and loss by ejection 
were constantly in mind during the planning of all 
early experiments but some of the precautions taken 
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Fig. 3—Rotating bowl used to mix molten iron with steel 
Cuttings to produce readily charged lumps. 


have now proved unnecessary in the light of present 
knowledge and experience. 

In 1936, the rather sudden market change and the 
marked scarcity of raw material of any kind during the 
early stages of preparation for the second world war, 
revived the question of using borings. While waiting 
for a more orthodox melting unit the author began 
trying to melt borings and steel turnings in a 32-in. 
cupola which was then not in use and it therefore did 
not matter whether the lining was lost in the first heat 
or not as far as foundry production was concerned. 

The first trial was made with very little blast, the 
blast gate being closed down at the fan, and the tuyeres 
at their normal setting. The charges consisted of 100 Ib 
of borings mixed with 50 Ib of 3-in. coke. Melting was 
very slow, the metal hard, and so pasty that it had to 
be drawn out of the back door until it finally froze up. 

When the bottom was dropped, large masses of 
partly fused borings remained in the furnace. The 
lump was too big to come through the bottom door- 
way so the sand bed was replaced and coke packed 
under the lump, ignited by kerosene burner and the 
blast put on extremely gently. Periodically the blast 
was put off and small coke pushed into the furnace 
through the tuyeres. By keeping the tap hole open, 
metal was slowly drained off. When a small clearance 
was melted off the outside of this lump, coke began to 
feed down from above and the process gathered mo- 
mentum. In this way the large lump was completely 
melted out without damage to the lining, leaving the 
““rnace ready for the next heat. 


Second Attempt. With a view to reducing oxidation, 
the main tuyeres were reduced by ramming in 114-in. 
bore tubes. It was thought that this melting problem 
would have to be dealt with much in the same way as 
smelting ore, i.e., to work the cupola like a blast fur- 
nace and have a reducing atmosphere in the upper 
zone. Coal was added as part of the fuel charge. 
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The blast did not pass through the charges well ow- 
ing to the stock line being too high. The slag attacked 
the lining severely and caused much trouble. Only 
about 5300 lb of 6600 lb of metal was melted owing to 
a breakout and the furnace being dropped while still 
full of material. 

This was a right mess. 


Third Attempt. The third trial was very successful. 
The coke bed was 3 ft deep. The charge consisted of 
200 Ib cast iron borings, 200 lb high silicon pig iron, 
75 1b coke, 25 Ib coal lumps, and 75 lb broken lime- 
stone. The 2800 Ib of metal charged was apparently 
all recovered. (This 100 per cent as explained by the 
furnace operator was due to melting away the main 
and auxiliary tuyeres.) The melted metal had the 
following composition: 2.44 per cent C, 1.63 per cent 
Si, 0.50 ‘per cent Mn, 0.097 per cent S, 0.44 per cent 
P. The cupola was tapped continuously and the metal 
and slag ran well. It was apparent that the melting 
rate would be about one ton of borings per hour. How- 
ever the lining loss was very heavy. 

The next five or six trials (which aimed at a greater 
proportion of borings) were more or less a series of 
accidents. Owing to a large number of mishaps with 
the small, continuous tap hole, which alternately broke 
out, froze up, or put the slag into the main tuyeres, it 
was decided to discontinue this and return to botting 
and tapping. One of the main causes of trouble was the 
damping effect of the fine material and it was subse- 
quently found best to put on two charges of scrap to 
get the furnace properly started and prevent metal 
from solidifying on the bottom and causing frozen 
tap holes. 

The resistance of the charges was evidently the 
determining factor on the rate of melting and it was 
possible to literally put the furnace out altogether by 
putting on too many charges. The practice finally 
standardized was to start with two charges of 500 Ib 
scrap and charge at the same rate as the liquid metal 
was tapped, keeping the flame coming through freely. 


Coal Discontinued 


The coal, coke, scrap borings and limestone were 
mixed before charging and that evidently helped to 
keep the stock from bridging and choking. Coal was 
eventually discontinued after the 11th melt as it was 
found possible to melt with very little oxidation with 
the normal setting of the balanced blast tuyeres. 

The lining had to be entirely renewed in the lower 
section of the furnace after the seventh heat, after 
giving much trouble through wearing thin at unex- 
pected places and having to be cooled with water, etc. 
It had to be re-lined again for the 13th heat because 
as much as 50 per cent fine steel turnings was used 
with the borings to keep the charge open and promote 
free ascent of the gases in the furnace. This addition 
of steel gave rather cold, pasty metal ‘which formed 
skulls very badly in the ladles and so additions of 
bone meal and sand were made to the charges to 
promote fluidity by raising the phosphorus. As the 
steel was eventually discontinued, the bone meal was 
also discontinued. 

As the melting temperature was gradually improved, 
the quantity of borings in the charge was increased to: 
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TABLE 1—HEAT NO. 23 IN 32-IN. BALANCED BLAST CUPOLA 

















Metal Slag 
Al2Os 
+ 

Time Temp, C Cc Si S P Mn SiOe Fe2Os MnO CaO Fe S 

9.15 Blast on 

9.45 1340 3.09 1.79 .136 79 a 

9.50 1360 3.08 1.79 .143 .62 .40 
10.05 1380 2.92 ‘a .178 .62 43 53.24 23.42 2.62 24.05 7.60 .358 
10.20 1380 2.85 1.32 .182 .60 .40 
10.30 53.39 25.52 2.81 21.32 11.41 
10.40 1390 2.77 0.79 16 .60 .30 
10.45 45.21 32.61 2.58 15.59 18.00 
10.55 1390 2.89 0.78 17 .65 .27 
11.05 50.00 35.61 2.74 15.11 16.50 .006 
11.15 1390 2.52 0.69 16 59 as 52.18 26.89 2.43 17.54 7.60 
11.25 1390 2.66 0.89 BR .60 .29 
11.30 44.24 44.4 1.24 12.00 21.80 
11.40 1390 2.56 0.66 16 61 21 
11.45 43.10 36.62 1.87 16.06 17.75 .184 
12.00 1390 2.52 0.72 1S 70 .25 
12.05 1390 2.28 0.78 13 75 .22 44.62 31.28 2.89 15.04 13.95 
12.20 1370 2.19 0.75 14 .65 18 48.97 30.26 2.06 16.14 13.20 
12.25 44.02 36.49 1.71 13.75 18.00 
12.35 1370 2.43 0.74 15 .66 Rb 
12.40 47.18 37.98 2.45 10.59 17.50 
12.55 1370 2.45 0.63 16 -56 ae 

1.00 1370 2.56 0.89 14 .57 .23 52.43 25.85 2.93 15.00 7.10 

1.05 

1.10 1370 2.34 0.89 14 61 .23 

1.15 50.39 26.44 2.85 17.30 7.60 

1.25 1370 2.38 1.17 13 .58 12 48.77 28.64 2.70 16.28 12.68 

1.55 2.24 0.79 15 61 19 46.78 29.02 2.51 20.16 10.40 

2.00 2.45 0.98 16 .65 .20 50.66 28.99 3.28 19.97 11.41 -106 
2.05 1370 2.27 0.64 16 .66 21 

2.15 1370 2.34 0.65 16 .66 Rt 4 

2.30 1370 2.24 0.78 AS .65 we 

2.35 Blast off 





400 lb borings, 200 lb pig or scrap, 100 lb coke (no 
coal), 75 lb limestone, and 50 lb sand (oil sand cores). 


Wear on the lining soon became the only serious 
problem and after careful consideration this was 
thought to be due to: (1) The quantity of fine steel 
cuttings; (2) The accidental irregularity of blast 
distribution; (3) The slag composition. First the 
steel was discontinued. Care was taken to keep all 
tuyeres to correct shape and to keep them clear during 
melting as in the normal working of the balanced 
blast cupola. 

Oxidation seemed to be more pronounced at the 
end of the blow. This was thought to be due to more 
rapid blowing on the relatively empty cupola, so a 
charge of scrap was put on at the end to restrict this 
tendency. Later this was replaced by a charge consisting 
of small coke, slag, and small metal and sand from the 
cupola drop of the previous blow. This seemed to have 
a beneficial tendency on the lining and the necessary 
damping effect on the blast. 

Heat No. 23 may be taken as an example; Table | 
shows numerous details of the heat. Other information 
includes: patching—40 bricks (114 in.) and 500 Ib 
ganister; metal—two charges of 500 Ib scrap, 20 of 
400 lb borings (practically all cast iron) and 200 lb 
alternately pig or scrap, final charge, 500 Ib scrap; 
other charge materials—100 Ib special coke, 75 Ib 
limestone, and 50 lb sand. 

Total material charged was 13,500 Ib; loss was 


determined by collecting and weighing all the melted 
metal. This gave a figure of 6.85 per cent. However 
the weight of slag per ton of metal melted was found 
to be 440 Ib or 22 per cent. Since the average iron 
content of the slags in Heat 23 is 13.3 per cent, this 
would represent a loss of iron to the slag, by oxidation, 
of 2.93 per cent and this figure should compare favor- 
ably with most cupola practice. 


Variations in Costing Systems 


Systems of costing vary so much from one foundry to 
another and more so from one country to another, 
so this aspect would have to be considered on the spot. 
Wages, cost, and quality of materials all would have 
to be considered. Scrap may cost twice as much as bor- 
ings according to the official control price in Britain, 
but there is no doubt that the actual price of scrap is 
much higher. By a little adjustment of paper values a 
project of this kind can be voted uneconomical at any 
time. However this discussion is concerned solely with 
whether or not the process is possible from a practical 
point of view. 

The first metal was used for flask parts, etc., which 
adds to the economy of the process. There should be 
little difficulty in altering the composition of the final 
product within a fairly wide range. For instance, 
gray iron from a charge of 400 lb borings and 200 Ib 
pig gave the following analysis: TC, 2.72 per cent; 
GrC, 1.45; CC, 0.77; Si, 1.45; S, 0.112; and Mn, 0.35. 
Test of this metal treated with two silicon briquets 
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Fig. 4—Sampling device provides small shot which gives 
superior uniformity of results in carbon determination. 


gave a transverse test about 25 per cent above the 
Grade A specification. 

The sulphur tends to run higher than might in 
some cases be desirable but this can be regulated by 
soda ash treatment in the ladle. It is probable that 
the addition of silica sand to the slag may restrict the 
maximum sulphur elimination by way of the slag, 
but this addition was necessary to reduce lining wear. 

The melting rate for this furnace is about 114 tons 
of borings per hour or about one third the rate of the 
cupola on normal melting. The coke consumption was 
about 25 per cent total (includes bed) and 16 per cent 
coke splits. The limestone is preferred in 14-in. size 
free from fines. This mixes and fuses easily and is 
easily stored and measured out. The lining wear was 
greatly reduced until the best run was 672 heats, with- 
out relining the lower section. 

Table 2 shows the quantity and proportions of 
material melted in four consecutive months. The 
columns showing scrap and pig iron can be discounted 
as being necessary in the mixing of the charge of bor- 
ings, but these could have been charged direct to the 
foundry cupola as far as their size was concerned. After 
about 20 heats the process settled down to routine and 
was carried on for years without any supervision other 
than the normal recording of weights of materials in- 
volved, times of operation, and routine analysis. The 
consumption of cast iron borings reached 100 tons 
which in turn absorbed a further 30 tons of steel cut- 
tings per month. 


45-in. Cupola Experiments. To augment information 
gained from the early experiments on the 32-in. bal- 
anced blast cupola, it was decided to allow the 45-in. 


TABLE 2—TYPICAL MATERIAL CHARGED 
IN 32-IN. BALANCED BLAST CUPOLA 


Pounds Metal 








Cast Iron 
1939 Scrap Borings Pig Iron Refuse* 
August 28,300 45,900 Pee 17,500 
September 17,000 74,400 16,800 25,000 
October 23,000 110,400 28,800 24,700 
November 28,500 128,000 34,500 42,100 


*Salvage from sand plant, cupola drop, and cleaning room. 
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cupola to blow down after the day’s cast and re-start 
melting borings. The intention was to observe the 
effect of rate of melting on cost, i.e., wages, patching, 
coke consumption, etc. 

The effect of melting in the 45-in. furnace after the 
normal run was to reduce coke consumption and wages 
by half. Patching remained the same per ton while 
the total loss of 1ron was 8.8 lb per ton or 0.4 per cent. 
Charge used consisted of: 900 lb borings, 600 lb 4 per 
cent silicon pig, 200 lb coke, 100 lb limestone, 50 Ib 
sand, and 8 |b soda ash. From this it seems that the 
rate of melting would be about one third of the rated 
capacity of the cupola. 

As this furnace was charged after being blown down, 
the heat was very troublesome. After a few seconds 
exposure, the operators’ clothing began to smoke al- 
though it did not catch fire. Thus the charge had to 
be literally thrown at the furnace without a backward 
glance. As a regular process, mechanical charging 
would be necessary and the handling of hot metal in 
the foundry would have to be organized particularly 
with a view to working conditions, at the casting point. 

Ferrosilicon Process. In 1943, a press notice ap- 
peared of a process in which one cupola was virtually 
set on top of another. The inventor claimed that steel 
cuttings and sand (SiO,) in the top cupola, would pass 
through a reducing stage in which the silica would be 
converted to silicon. This would melt the lower cupola 
and be absorbed in the liquid steel drops, thus produc- 
ing ferrosilicon. 

To try this out, a temporary shell and wind belt 
were constructec o1 top of an 18-in. cupola so as to 
make a continuous shaft twice the normal height. The 
bed height was taken above the top tuyeres and after 
lighting up, charges of silica sand and steel turnings 
were put into the top cupola. There was some difficulty 
in balancing the pressure of the fans and the final re- 
sult was that the gases from the lower fan took a short 
cut through the top fan and burned out the motor. 
This happened so quickly, of course, that the situation 
got out of hand and it is still uncertain whether one 
large fan situated so as to blow in air at both levels, 
would have been any more successful. 

Notwithstanding this, the opinion was formed that 
silica would not be reduced in an apparatus of this 
size, and that it is likely that the furnace would have 
to be of such a height that the passage of the charges 
from the charging door to the melting zone would oc- 
cupy about 24 hours. This of course is similar to the 
standard blast furnace. This project was therefore 
abandoned. 

The melting of borings in the 32-in. balanced blast 
cupola was stopped for a number of reasons in August 
1948 after 1114 years continuous, operation. Since the 
melting of borings had to be carried out in the eve- 
nings to avoid interfering with the normal melting 
for castings on the same cupola platform, elaborate 
blackout precautions had to be observed when the 
bombers were coming over. As there was considerable 
glare from the almost empty cupola and this was easi- 
est seen from above, a contraption like a Chinese pa- 
goda has to be constructed over the dry spark arrester. 
This kept burning down or blowing away in the wind. 
The housing of the cupola platform had to be sealed 
up even to the smallest openings such as 14-in. diame 
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ter bolt holes, so that natural ventilation was almost 
impossible and the conditions at the charging door 
became very trying. 

Another discouraging reason was that under the 
wartime pig and scrap allocation schemes, borings 
were taken into account so that others got allocations 
of good scrap which we were not allowed because we 
were melting borings. Finally, during the latter part 
of the war and in the years immediately after, the poor 
quality of the directed labor put us off the notion 
altogether, and we decided to cease operations for the 
time being. 

Casting Metal. Casting and handling of hot metal be- 
came more of a problem as the tonnage increased. Cast 
iron pig molds of a simple design were set out in a long 
row. These were filled in turn, then picked up by the 
crane, and the solidified pig deposited in a skip at 
the end of the line. The number of molds required 
was determined by the necessary cooling interval be- 
tween each refill. lf the refill was too frequent, the pigs 
began to burn on. This method required considerabie 
crane handling. No doubt mechanization could be 
introduced here, but as it was carried out, the work 
was very hot and fatiguing to the operators. 

An alternative method was to set up a small pig bed 
outside, and make the pig troughs in the shape of a 
large gate, that is, troughs were cut in the form of a 
square and then various diagonals, etc., run across. 
This was quickly hooked up by a jib crane and swung 
out of the way to cool. The bed was roughly smoothed 
out again with a shovel, and the next ladle cast. The 
objection to this method was that the “gates” were 
very thick at times and the iron very strong and usu- 
ally had to be broken with a ball, dropped from a great 
height. 

Another method tried was the making of drag molds 
on a squeezing machine. These could be made very 
quickly and set down as required. The objection here 
was that soon a large quantity of extremely hot sand 
was obtained which was very difficult to deal with. 

Tubular Casting Machime. A large horizontal cast 
iron tube about 20-in. in diameter and 8 ft. long was 
constructed to rotate on its horizontal axis. The idea 
was to pour metal into one end (slightly higher than 
the other) so that with the tube rolling the metal 
would form into lumps during the plastic stage. The 
metal was to run from the continuous runner of the 
cupola through this tube to deliver roughly spherical 
lumps at the other end. This experiment was not quite 
successful as it was difficult to prevent the formation 
of a pipe casting similar to those made in the spun pipe 
casting process. The speed of rotation is apparently 
critical, as is also the initial temperature and compo- 
sition of the metal, and of course the cooling rate of 
metal while in the tube. Steel turnings were intro- 
duced into the runner before the metal entered the 
tube and this showed signs of being successful but the 
confined conditions of the experiment and the rising 
temperature of everything including the author 
stopped the trials. 

This scheme would work with proper design and 
reasonably remote control. It appears that the diame- 
ter of the rotating tube would need to be 36-in. or 
more. Perhaps the slope of the tube is also critical even 
to the extent of providing for adjustment of the angle 
of slope during operation. 
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Steel Cuttings. Since the main problem was the ab- 
sorption of large quantities of heat from liquid cast 
iron, efforts were made to stir steel cuttings into the 
metal in the ladle before casting. Cuttings were also 
put in the chill molds before pouring, but these tended 
to float, and if the chill was damp the metal flew badly. 

Experiments with pouring metal into a large mass 
of wet turnings, for example, in a 2-gal. bucket, showed 
that the iron percolated through the cuttings to a 
considerable depth before freezing. The resulting lump 
had absorbed 45 per cent of the steel cuttings and 
solidified almost instantly; it was rather rough to 
handle manually. 

Wet cuttings were no trouble, since the porous mass 
allowed steam to escape readily. To develop this idea 
further, a rotating bowl was designed (Fig. 3). It was 
set at an angle of 35°. During rotation, the steel cut- 
tings climbed up one side from 6 o'clock to, say, 10 
o'clock, then rolled continuously down the slope. 

The liquid metal was poured at about 7 o’clock and 
the balls, formed by the freezing of cast iron round 
the steel particles, were continuously covered by fresh 
cuttings. If this process was continued, these balls 
collected more cast iron, rolled to the front, and fell 
out, thus giving a continuous casting system, whereby 
liquid iron absorbed a further 30 per cent of steel and 
gave a product quite suitable for ordinary cupola 
charges. This machine worked for 714 years. 


Size Important 

The cold material used in this process can be very 
small but not so small as to be pyrophoric. In one ex- 
periment carried out by request, bags of fine material 
were thrown into the bowl and the hot metal poured. 
There was instant combustion and very dense iron 
oxide smoke. The pouring was being done from a tem- 
porary wooden platform 10 ft high from which it 
was inadvisable to jump because of the low visibility. 
Such an experience enhances one’s admiration for 
Joan of Arc. It developed later that this material was 
in the habit of catching fire in contact with a lighted 
cigarette. 

Steel cuttings or turnings vary considerably in size, 
and are often in long spirals of varying diameter. These 
have considerable bulk, and are very light and often 
extremely difficult to handle. When Basa in a heap 
they become so interlocked that they cannot be sep- 
arated neatly. 

A chopping machine was designed and made on the 
principle of the cane shredders used in the sugar es- 
tates. This type of machine should be operated by 
the machine shop, because bushy turnings are better 
dealt with at the source. For this reason the design and 
construction need not be given here. The upkeep of 
the machine was relatively low and it maintained a 
sufficient supply of steel cuttings of convenient and 
uniform size, to keep the casting process in operation. 

Microscopic examination showed that during the 
balling process the steel cuttings were surface-carbu- 
rized, and this led to the supposition that the melting 
point of the steel would be reduced. This point seems 
to be either disbelieved or not appreciated by the 
steel makers. 

Experiments with a small crucible containing cast 
iron-coated steel turnings made by this process, showed 
that softening and settling began at 1000 C to 1050 C 
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Fig. 5—Travelling yard crane used to charge borings melt- 
ting cupola made outside operation possible. 


and complete settling to minimum volume took place 
at 1260 C, notwithstanding the fact that the melting 
point of the steel was 1450-1500 C. This material 
melts well in the standard cupola and, as the steel is 
coated, the sulphur pick-up in the cupola is less. It 
was used as 45 per cent of the cupola charge. It should 
form a useful charging material for large open hearth 
steel furnaces where a reduction of charging time 
would facilitate increased output per shift. 

Other materials can be incorporated in the cast iron 
lumps, such as ferroalloys and solid carbon. Adding 
carbon in the form of 14-l4-in. particles produces a 
lump material containing 20 per cent carbon plus the 
natural total carbon in the iron. This may be a con- 
venient method of introducing alloys to charges or 
high carbon material to steel furnace charges as in 
open hearth practice. 


Carbon Added to lron-Steel Lump 

For cupola charges, a lump material composed of 
cast iron and carbon may not produce a spectacular 
carbon increase, but the results would be more posi- 
tive when carbon is added to a cast iron lump contain- 
ing 30 per cent steel. 

During these experiments the rotating, open-ended 
cylinder (Fig. 3) was unintentionally over-charged 
with liquid metal, so that a substantial quantity of 
metal was rolling fluidly in the vessel. The cooling wa- 
ter spray was turned on and the liquid cast iron cooled 
to the pasty stage when it instantly turned into small 
shot like sand. 

This very small shot, which is usually less than 70 
mesh, might have several industrial applications and 
seemed an excellent material for uniform and repre- 
sentative sampling of cast iron, particularly white 
iron. A smaller scale mixer was considered as a method 
of sampling and various designs were considered, tried, 
and rejected in favor of a jet of compressed air to 
disperse the liquid iron into small pellets which are 
caught in a copper pan. 

Then a method for steel sampling appeared in the 
American press, consisting of a glass tube pushed un- 
der the surface of the liquid steel. By releasing a com- 
pressed bulb at the top of this tube, a column of steel 
rose several inches in the tube and solidified as a clean 
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solid steel wire which could be sheared into suitable 
pieces for analysis. This method would not work on 
cast iron because of the long freezing range. The suc- 
tion drew the liquid from the center of the column and 
produced a ragged thin tube with some of the metal 
often up the operator’s sleeve. The tube so produced 
would neither cut nor break conveniently. 


Fireclay Funnel Used 

The method standardized uses a small fireclay fun- 
nel with a |4-in. diamater orifice. The metal is blown 
into a copper vessel about 15-in. in diamater contain- 
ing a little water and wet surfaces (Fig. 4). This gives 
a sample instantly ready for use. The sample is much 
more representative than any form of drillings. The 
well known errors of the carbon estimation due to the 
pulverizing of the graphite during drilling and concen- 
tration in the fines of the sample are eliminated. 

In the manufacture of machine tools, the key to 
quality of cast iron is in the control of carbon, i.e., the 
quantity, particularly the quantity of free graphite, 
together with the size and formation of the flakes. Re- 
peated analysis on the same sample of pig iron got 
by drilling resulted in the following for per cent total 
carbon: 3.43, 3.41, 3.37, 3.49, 3.45, and 3.40, with an 
average of 3.42. There are no reliable “standard cast 
irons” on the market and suppliers have always turned 
a deaf ear to requests for carbon standards. It is there- 
fore a difficult and tedious process for a foundry metal- 
lurgist to check his apparatus at any time and much 
unsatisfactory duplication goes on. 

The unreliability of the results is due to the fact 
that while boring a sample the graphite is pulverized 
and may be lost to a varying degree in the sampling 
and again at the weighing out stage. When the above 
sample is graded on sieves, the variation in results is 
considerable, as shown below: 


Remaining on 22 mesh 3.54% Total Carbon 


” 44mesh 3.40% ” . 
: " 72mesh 3.27% ” "i 


7 ” 100 mesh 2.88% ” + 


Through 100 mesh 3.99%, 
Average 3.42%, 


It is thus impossible to lift a small quantity which 
will be so blended as to give a representative average 
composition. Segregation of carbon was clearly dem- 
onstrated many years ago and elaborate patterns of 
hole boring have been used to get a representative 
sample from even a sand cast pig. 

The pellet method is the obvious answer to these 
problems since it can be applied to liquid metal in the 
foundry. Its advantages are that it is ready almost in- 
stantly for use, instead of boring the sample the next 
day and of course all further preparation is unneces- 
sary. There appears to be no oxidation of cast iron 
whatever during granulation, and there is no need for 
special inert gas atmosphere as may be desired in the 
case of sampling mild steel. 

Repeat analyses carried out on a drilled sample of 
cast iron gave the following succesive percentage of 
total carbon: 3.00, 3.01, 3.07, 3.10, and 3.16, giving an 
average of 3.07. The same metal sampled in the form 
of pellets gave 3.19, 3.19, and 3.19. Thus, the drilling 
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method is shown to give low results and the difference 
in successive tests is due to the fact that the larger 
chips of cast iron are inclined to be lifted first. As the 
sample is used, the proportion of fines increases and 
the percentage of carbon increases. 

When iron is run from the furnace white or near 
white, it is impossible to bore. The casting of very 
heavy samples even up to 7-in. square sections does not 
make for any improvement. This is when the pellet 
method becomes indispensable. 

24-in. Borings Cupola. In January 1952, when a large 
travelling crane became available in the foundry yard, 
it was decided to set up a separate melting station 
with a convenient pig bed served by a monorail loop 
on which the metal could be conveyed from the con- 
tinuous runner to the points of casting. Two ladles 
are worked alternately, one filling while the other is 
casting. A 24-in. cupola was used. Height from the 
center of the tuyeres to the charging platform was 
4 ft 6 in. and the charging door 15 in. above the plat- 
form. The coke bed level was 3 ft 6 in. above the 
tuyeres. Blower used was a standard cupola fan rated 
to give one ton per hour on a furnace of this size, 
melting for the production of castings. The furnace 
was fitted with a wet spark arrester consisting of a flat 
mild steel cone on to which was directed from above a 
supply of 2000 gal per hour of water. From the condi- 
tion of the surrounding roof this appeared to work 
at almost 100 per cent efficiency. 

The charge consists of 379 lb borings or other small 
material, 56 Ib 3-in. coke, and 8 lb limestone (14-in. 
graded). These were mixed on the platform and shov- 
elled into the furnace to maintain a height above the 
bed level of 18 in. to 2 ft. The furnace was intention- 
ally made short and the charging door placed so that 
it was impossible to overload the furnace seriously. 
At the same time there was no difficulty in observing 
the behavior of the charge. In a year’s run, during 
which many alterations and unusual experiments were 
tried, the following figures were obtained: 

Average melting rate 1525 lb per hr 

Average length of blow 71% hr 

Rated capacity of blower 1 ton per hr 

Average fuel consumption 400 Ib per ton of 
metal 

Average patching material 150 lb wet ganister 
and 9 firebricks per 
ton of metal 

A butterfly control valve was introduced for the 
regulation of the blast and numerous attempts made 
to improve melting conditions by manipulating this 
with varying and uncertain degrees of success. The wa- 
ter discharged from the spark arrester into a trough 
with an overflow. This trench retained all the material 
coming from the spark arrester and it was found to 
work out at only 0.7 per cent of the iron charged. How- 
ever the actual iron content of this deposited material 
was 67 per cent. This makes the iron lost up the stack 
0.46 per cent of iron charged. 

Excessive loss up the stack is the most usual argu- 
ment against melting loose borings in the cupola. That 
this argument is not justified is shown by typical 
figures for an all-borings heat. A total of 10,000 Ib 
was charged, 500 lb being small scrap to start the 
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Fig. 6—Cupola lined to 24 in. was purposely made short 

to make overloading with borings impossible. Furnace 

worked well for a year, averaging 7'4-hr. heats and ra- 

tio of 5 lb metal to 1 Ib coke. This furnace was replaced 
with 32-in. cupola (Fig. 7). 


heat. Pig produced weighed 9900 Ib. Loss was thus 
100 Ib or 1.06 per cent of borings lost from all causes. 
From this and similar experiments it seems that most, 
if not all, of the iron loss to the slag was oxide before 
entering the cupola and that with perfectly clean 
metal, no matter how small, the loss by oxidation 
would be practically nil. Similarly, rusted cast iron 
borings in a small quantity are not much trouble. 
This should be so, because the silicon, manganese, 
and carbon content of the cast iron would effectively 
protect the iron from oxidation. The loss by oxidation 
would be higher for steel cuttings if these are not 
chopped down to high bulk density for charging. 

It was soon evident that the whole process was on 
too small a scale but it was found to be an excellent 
training ground for foundry labor, furnacemen in par- 
ticular. Since the constant aim was to produce a hard, 
close-grained or even white iron, very little latitude 
was allowed for delays in pouring. 

The furnaceman could not move inside the furnace 
and so patching was difficult and often improperly 
done. The air blast in the melting zone was too con- 
centrated and when channelling took place this caused 
slag particles to be thrown up the stack so that they 
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Fig. 7—32-in. melting zone and enlarged stack increased 
melting capacity and decreased stack losses. 


accumulated over a month or two and if neglected 
caused a bad blow at the charging door. These slag 
particles also collected on the underside of the cone 
of the spark arrester until the crust finally fell on the 
top of the cupola closing it completely. The first time 
this was unexpected and the furnaceman, who did not 
understand what was wrong, was found patiently 
charging the furnace and extinguishing the burning 
roof beams alternately. 

With these objections and defects noted, and after 
melting about 400 tons, the improved design was in- 
troduced. 


32-in. Borings Cupola. The alterations consisted 
mainly of increasing the diameter of the cupola while 
retaining all vertical dimensions as before. The bore at 
the melting zone was increased to 32 in.; this made 
patching easy since the operator could work with some 
freedom. Since the cross-sectional area at the tuyere 
level was practically doubled and the air supplied by 
the same blower, the pressure was greatly reduced and 
the effective permeability of the charges increased. If 
this increase of diameter were carried too far it would 
be necessary to have a method of adjusting the area of 
the tuyeres nearest the air inlet to maintain equal 
distribution of air round the circle. The volume of 
incandescent coke in the bed being much greater, the 
effect of radiation losses and the tendency to uneven 
melting is greatly reduced. 

The cross section above the charging platform was, 
of course, approximately doubled and the velocity of 
the gases further reduced. This, in conjunction with 
a small screening hood on the top of the door greatly 
improved working conditions close to the charging 
door. Naturally the amount of material carried up the 
stack was reduced. The weight of material recovered 
from the water trench was reduced to one sixth 
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and this made the iron loss up the stack 0.08 per cent 
of the iron charged. This seems to be the same as when 
no borings are used and it would appear that the loss 
of borings from this cause is now nil. The spark ar- 
rester is of the simplest possible construction and now 
requires no attention at all. 

Water cooling on the outside of the lower section 
of the shell is effected by a simple circular spray caus- 
ing a continuous film of water to run down into a 
trough formed on top of the wind belt by continuing 
the side of the wind belt up 2 in. all round. Though 
the conductivity of the brickwork is low (equilibrium 
between the cooled and heated surfaces would not be 
reached until the brick has been worn to 1% in. thick) 
the effect of the water on an eight hour run is quite 
significant. It was introduced as a safeguard against 
hot spots in the lining. These, however, has disap- 
peared altogether with the improved melting condi- 
tions and proper patching. 

The average melting rate has increased to 2010 Ib 
per hr with maximum rates as high as 2300 lb per hr. 
This seems especially good when it is considered that 
the blower is only rated at 1 ton per hr for normal 
foundry melting. Thus, while the standard cupola 
may give only one third of its melting capacity on 
borings and small cleaning-room scrap, the specially 
designed cupola will give full capacity. Coke con- 
sumption remains the same at 400 lb per ton, the im- 
proved melting conditions having been offset by the 
increased bed coke, no account being taken of the 
quantity recovered for recharging. 


Melting Loose Steel Turnings. Several earlier attempts 
(already referred to), were made to melt loose steel 
cuttings in the 32-in. foundry cupola, and in spite of 
heavy wear and tear on the lining, it was thought that 
the process could be carried out successfully. With this 
in mind, trials were carried out in the 32-in. borings 
melting cupola. It was observed that when using about 
20 per cent by volume of steel cuttings mixed in cast 
iron, melting rate and tapping temperature appeared 
to improve considerably, with no serious loss in the 
lining. With about 60 per cent by volume of steel cut- 
tings, the results were quite encouraging. 

The steel itself was extremely varied. Some material 
was in the form of small curls, about 14 in. in diame- 
ter, and unusually light. Others from milling opera- 
tions were equally small, and those from gear cutting 
machines were extremely thin and of large surface 
area, some being as small as fine cast iron dust. The 
cast iron borings were equally varied and appeared at 
times to carry a small amount of rust. 


No Problems from charging 


The charging was very simple and offered no prob- 
lems. The mixing of cast iron and steel cuttings was 
haphazard so that at times the charge was all steel 
cuttings and the coke mixture was poor. It is neces- 
sary, of course, when melting steel of any kind, to al- 
low for the extra coke which is dissolved in the liquid 
steel, but this point had been overlooked, and the 
furnace began choking up. As soon as the coke charge 
was rectified the furnace revived and continued at the 
normal melting rate. The metal at the spout was, of 
course, extremely hard and quick setting. The melt 
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Fig. 8—Proposed device for sucking sand from cleaning 
room, sand plant, and cupola drop refuse to increase met- 
al content and improve melting efficiency. 


ran the normal time of 7 hr 10 min, and was success- 
fully completed. 

The main objection to the melting of such uncom- 
monly thin material is said to be excessive oxidation. 
However, the quantity of slag and the general appear- 
ance was not unusual and the total loss from either 
cupola top or slag hole was less than many standard 
foundry cupolas. From this, and previous experiments, 
there seems little doubt that 100 per cent steel cuttings 
could be melted. 

The precautions which would improve operation 
would be the use of the proper amount of coke of-a 
smaller size, more in keeping with the size of the ma- 
terial—coke between 114 in. and 14 in. probably would 
be ideal. Efficient water cooling of the outside of the 
cupola would be desirable, and perhaps basic lining 
and slag ought to be used. 

During the melting of foundry small iron from the 
cleaning room, sand plant and cupola drop, where 
these materials are extracted from sand by electro- 
magnet, the quantity of sand included with the metal 
amounted to 30 per cent by weight of the iron 
charged. While the furnace dealt with this quite suc- 
cessfully it obviously would be a great advantage to 
have this sand eliminated. A number of methods were 
considered and several tried, for example, tumbling 
wet and dry, riddling, etc. The continuous wet tum- 
bler was too expensive to build and maintain. 

It was therefore decided to use a cascade chute con- 
nected to a good suction fan placed under a suitable 
hopper. The material, as it comes from the foundry, 
can be dumped into this by the electromagnet and the 
dust and sand extracted as it slides down into the con- 
tainer. In this way, it is thought that the sand finding 
its way into the cupola with the charges will be largely 
eliminated, and more active desulphurization carried 
out. This would be a necessary step before considera- 
tion of a water-cooled basic lining whose main func- 
tion would of course be completely cancelled out with 
the constant or erratic addition of silica sand and clay. 

A further refinement under consideration is a con- 
tinuous tumbler for cleaning small, heavily-rusted pel- 
lets prior to charging into the cupola. It is thought 
that practically all oxidation loss is due to oxide going 
into the furnace as such. 

Conclusion. It would appear that the cupola will 
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melt any ferrous metal from the full size of the charge 
door down to the smallest form of drilling and cutting. 


ADDENDUM 

Since this paper was prepared, the 32-in. borings 
furnace has been fitted with water cooling in the 
lining, using 2-in. malleable iron pipes set vertically 
at 4-in. centers similar in principle to the arrangement 
described by Levi (“Melting Iron In A Basic-Lined 
Water-Cooled Cupola,’ AFS Transactions, vol. 60, 
pp. 740-755 (1952). 

There are several reasons for adopting simple verti- 
cal tubes. 

1. Patching seems easier than when using any 
form of flat box segments. 

2. The tubes can be removed and replaced singly. 

3. Small secondary tuyeres can be easily intro- 
duced in the spaces between the tubes. 

The performance of the cupola seemed to be im- 
proved. Foundry small scrap heavily contaminated 
with sand and oxide seemed to have no effect on the 
water cooled part of the lining. The only erosion 
visible was concentrated in areas between the main 
tuyeres where the water pipes did not reach. The melt- 
ing rate seemed to be slightly better and the tempera- 
ture of metal slightly higher while the flame at the 
charging door was considerably reduced. 





5th. Heat on Water Cooled Lining. 





Furnace Lit 6:30 am 
Blast on 9:15 am 
Furnace tapped 9:35 am 
Blast off 4:15 pm 
Melting Time 7 hr 
Charges 34 


19,152 Ib 
2.733 ib hr 


Weight Cast 
Melting Rate 








Bed Coke 784 Ib 

Ganister 112 lb 

Firebricks $. 

Charge Material 

11 buckets Cast Iron Borings 56% 
7 lifts Sand Plant Scrap 24% 
6 lifts Light Cast Iron Scrap 20%, 


100 








Measurements taken on second heat showed a water 
temperature rise of 15°F at a rate of flow of 23 gal/ 
min. 

The lining wear was reduced considerably and due 
to this the total slag produced was reduced from 1568 
lb to 784 Ib. 

From conventional calculations, it would appear 
that the total coke used to heat the water, less the 
quantity saved by melting the smaller quantity of 
slag would be 5.9 lb on a 9 long ton melt or 0.65 
lb/long ton pig produced. This figure comes as an 
agreeable surprise, because one is inclined to expect 
a severe drop in metal temperature in a small cupola 
due to water cooling. The explanation must be, that 
the cooling affects only the fringe of the combustion 
zone. 

Patching material required was reduced from 5 per 
cent to 0.55 per cent of weight of pig produced. It 
would appear that there is almost certain to be a very 
extensive adoption of water-cooled linings. 





SHELL MOLDING COPPER-BASE ALLOYS 


By 
S. S. Brown* and H. K. Worner** 


ABSTRACT 
This paper outlines some of the fields where shell molding 
has been found to be effective in Australia in the production of 
copper-base alloy castings. Reference is made to shell making, 
but the paper is mainly concerned with the problems of gating 
and feeding associated with the shell-molded casting. Aspects of 
design for shell-molded castings are briefly discussed. 


Introduction 


Shell molding has been applied commercially in 
Australia over only the past two years. Difficulties as- 
sociated with the early stages of development of the 
process have at least been overcome, and the Australi- 
an foundry industry is now producing shell-molded 
castings as the engineer desires them. In the non-fer- 
rous field materials cost is high, but, because shell- 
molded castings are usually lighter than the equival- 
ent sand castings, shell molding can often be applied 
with an overall saving in raw material. The closer 
tolerances developed in these castings also led to 
economy in machining operations. For the engineer 
this is one of the most attractive features of shell 
molding. 

In Australia, the fields where shell: molding may be 
applied are limited chiefly because quantity orders 


* Technical Director, Shellmould Division of W. O. & B. 
Adams Pty. Ltd., formerly of University of Melbourne, Australia. 
** Professor of Metallurgy, University of Melbourne, Australia. 


Fig. la—Aluminum alloy pattern plate with 12 half pat- 
terns, also in aluminum alloy. Note alignment ridge and 
groove around edge of plate. 





are small. Consequently, it is often difficult to recover 
the pattern cost. However, this primary cost may be 
offset by the saving in machining. Components norm- 
ally fabricated by other methods may often be shell 
molded with considerable overall cost advantages be- 
cause of the increased accuracy and consistency in 


the castings. 
Shell Manufacture and Casting 


In the plant with which the first-named author is 
associated, aluminum, brass and cast iron patterns 
and aluminum and cast iron plates have been used. 
Although the benefits of cast iron plates are realized, 
they have not been extensively employed because the 
equipment is only semi-mechanized. A typical pat- 
tern plate set up for making shell moids is shown in 
Fig. la. 

In this example, 12 aluminum alloy half patterns 
are attached to an aluminum alloy plate so that two 
18-in. x 12-in. shells when mated together give a spray 
of 12 castings. Alignment in this case is provided by 
a groove and ridge at either end of the shells. Dowel 
and sockets have also been used for this purpose with 
equal success. Shells are glued together with a ureafor- 
maldehyde cold-setting glue in presses specially made 
for the purpose. Temperature of the presses is raised 
to about 100 F to accelerate the glueing. 

For small and medium-sized castings these shells 
are cast without backing materiai (Fig. 1b). To avoid 


Fig. 1b—Two half shells made from pattern shown in 
Fig. la, glued ready for casting. 
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Fig. 2—Spray of aluminum bronze handles for “staple 
gun” as removed from the shell. Note the feeders pro- 
vided at positions marked “X.” 


discomfort during casting, owing to the heat radiation 
from the poured molds, they are set up in pairs, and 
the pouring ladle is moved away from the molds as 
they are cast. 

A spray of aluminum bronze castings is shown in 
Fig. 2. Poured at a temperature of 2280 F, these cast- 
ings preserve a fine finish, even when the sand in 
the shells is no finer than AFS No. 115. It is of inter- 
est to note that the surface finish may sometimes vary 
from the top to the bottom of the spray. If the cast- 
ing temperature is too high, the castings at the bottom 
become rough and prickly. 

It has been observed that the surface finish of the 
bottom castings is improved with a bottom running 
instead of the direct pour in the case mentioned above 
(Fig. 3). However, this does not always economize on 
the shell space available. Alternatively, it has been 
found that if the pressure head is lowered, as for 
example, by placing the parting plane in a horizontal 
position, a general improvement in the finish is ex- 
hibited. 


Mass Production of Smal! Castings 


As an example illustrating the overall cost advant- 
age of shell molding in mass produced cormponents, 
reference may be made to the casting of the staple 
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Fig. 3—Sketch illustrating methods of running castings. 
Methods B and C are likely to give improved surface 
finish, particularly on the bottom castings. 
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gun handles shown in Figs. 2 and 4. Previously made 
from drop forged mild steel, these handles have been 
successfully shell molded and cast in aluminum 
bronze. Besides scale removal and buffing, the steel 
forgings required several machining operations such 
as drilling, tapping, milling flats, reaming and mill- 
ing of the center of the jaws. All but three of the 15 
machining operations were eliminated by shell mold- 
ing. Analyzing the casting with reference to Fig. 4. — 





Fig. 4—Two cast handles of staple gun ready for assembly. 


(a) The pivot holes, A, can be cast sufficiently 
accurately to allow a 0.003-in. clearance reamer to 
pass through. This was not possible in the forging. 

(b) The working face, B, of the pivot joint is 
smooth and clean, and is used as cast. On the previous 
drop-forged component this was milled out of each 
handle. 

(c) Flat faces, C, on either side of the jaws could be 
used in the as-cast condition, and a location lug in- 
tegral with each casting could be used as a stop in 
the jaw milling operation. In the drop-forged handle 
both of these faces were machined, and the face of 
the location lug was also machined. 

(d) The sloping face, D, on the tip of the jaw was 
also used in the cast state. 

e) A special lug, E, was incorporated in the cast- 
ing to conform to the ends of a wire spring in the 
assembled staple gun. This was not possible in the 
forged component. 

Possibly the greatest advantage with these castings 
has been that they can be made to fit the jig accurate- 
ly with none of the preparatory machining opera- 
tions necessary for the forged handle. 

The general effect of the fine finish and closer toler- 
ances obtained with shell molding may be further 
illustrated by reference to the cast shuttle shown in 
Fig. 5. The particular features of the machining oper- 
ations for a sand-cast shuttle are: 


in shell molds. 


Fig. 5—-Silicon brass shuttle for weaving machine as cast 
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(i) The machining of the inset bobbin recess and 
the bobbin axle pin. 

(ii) The machining of the square taker arms five 
degrees offset from the plane of the bobbin recess. 

(iii) Drilling out the taker arms to lighten the 
shuttle. In the shell molded casting, steps (i) and 
(ili) may be eliminated. The only machining opera- 
tion is that of milling one side of the taker-arms as a 

6-degree taper from its normal position to give a 
l-degree draw in the molding process. As these taker 
arms are normally hand fitted to the weaving ma- 
chine, it is customary to leave 0.010 in. per side for 
hand filing. The shell molded casting may also weigh 
up to 10 per cent lighter than the finished machined 
sand casting. This is a direct result of the accurate 
coring out of the taker arms to make the shuttle as 
light as possible, and also the closer tolerances at- 
tained in other sections of the casting. 

It may be of interest, in passing, to record some 
points concerning the casting of these components. 
Initially, attempts were made to cast the shuttle with 
the parting plane vertical, i.e. with the parting plane 
parallel to the bobbin recess, and with the taker 
arms at the top of the casting. The ingate came in the 
bottom through the bobbin recess, and an appropriate 
feed head was incorporated in the heavier section at 
the top of the casting. The finish was not entirely sat- 
isfactory when cast in silicon brass from 2080-2120 F. 
Furthermore, the feed head was too remote from the 
hottest metal in the casting to be effective. When the 
parting plane was placed in the horizontal position, 
and the ingate located near the feed head and the 
heavy section, a sound, smooth and high quality cast- 
ing such as is seen in Fig. 5 was produced. 


Gating and Feeding for Shell Molded Castings 


Correct ingating in shell molding is important be- 
cause the closer tolerances necessitate the avoidance 
of all the shrinkages which would interfere with 
the dimensional accuracy of the casting. In sand cast- 
ing, the machining allowances are normally made suf- 
ficiently liberal to allow for the removal of minor 
shrinkages by machining. In the shell-molded cast- 
ing these shrinkages in a large measure determine the 
ultimate accuracy of the casting. 

For example, the thrust plate shown in Fig. 6 is 
required to be 0.125 in. thick, and flat within 0.002 





Fig. 6—Leaded bronze thrust plate cast to tolerance of 
0.002 in. per in. 
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Fig. 7—Small brass casting with deep recess. The apparent 


rough surface is due to the lighting used in photographing 
and the magnification 2x. 


in. At the first attempt to cast this in a leaded bronze 
(80% Cu: 10% Sn: 10% Pb) the dimensional ac- 
curacy was adhered to on all parts of the thrust plate 
except a small section opposite the ingate which had 
sunk down 0.003 in. The ingate was an inch wide 
and the same thickness as the casting. It was modified 
by increasing its thickness to 0.25 in. from the run- 
ner, stepping down to less than 0.125 in. at the en- 
trance to the casting. This resulted in a sound cast- 
ing within the required dimensions. 

With nonferrous alloys which have a high solidi- 
fication shrinkage, such as aluminum bronze, more 
consideration has to be given to feeding techniques 
in conjunction with the gating system. In the cast- 
ing of the staple gun handle referred to earlier, (Fig. 
4), some of the features are illustrated. In normal 
sand casting it is desirable to fillet all sharp corners, 
but in shell molding this cannot always be achieved 
without loss of some of the tolerance advantage gain- 
ed over the sand casting. At the mating surface of 
the staple gun handle there are two such sharp corners 
which cannot be filleted. Shrinkages will occur at both 
of these corners, weakening the whole structure of 
the castings. 

Originally, this difficulty was overcome by inserting 
a circular chill, 0.125 in. thick, in the shell opposite 
the offending section. However, it was found that a 
feed was needed for the special lug, E (see Fig. 4). 
This limited the shrinkage to the jaw opposite the 
ingate. At that time the ingate was 0.125 in. x 0.5 in. 
cut straight onto the jaw. When it was increased in 
thickness and stepped down to the jaw face, the 
shrinkage effect disappeared. The stepped ingate has 
been applied with considerable success to many other 
small castings, and it appears that the thickness of 
the ingate in relation to the section cut onto the cast- 
ing has considerable bearing on the extent of the 
apparent shrinkages. 


Design for Shell Molded Castings 


The design engineer has to reconsider the design of 
his components in the light of the increased accuracy 
possible with shell-molded castings. 

Jigging and setting up are often the greatest time 
consumers in a machining operation. Therefore, in 
general, engineers prefer to eliminate the operation al- 
together rather than merely cut down on the amount 
of metal removed. To eliminate machining opera- 
tions, the first requirement is that of a good surface 
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finish. This depends to a great extent on the fineness 
of the sand employed. In general, a sand of about 
AFS No. 120 or finer is desired, although the authors 
have obtained satisfactory results with sands about 
AFS No. 110 (Incidentally, supply of suitable fine 
sands is a problem in Australia.) 

As pointed out before, it has also been noted that 
the surface finish in a spray of castings may vary with 
the head of metal. Much of the casting of shell molds 
is performed with the parting plane vertical when it 
is noted that the top castings normally have a better 
finish than those at the bottom. The tendency has 
been towards che bottom ingating of the molds 
whence a quieter pour is obtained, and the overall 
surface finish much improved. 

The engineer should also be aware of what shell 
molding can achieve in respect to reproduction of 
holes, slots and cavities with little or no taper. The 
shell being hard and durable, it may be stripped from 
the pattern plate with a minimum of 14 degree taper 
on vertical draws. Contrary to normal sand molding 
procedure, no rapping is required, and the shell is, 
for pratical purposes, an exact negative of the pat- 
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tern. Thus many holes or slots normally drilled or 
milled in a casting may be molded and cast into it 
with ease, conforming to the correct dimensions, Even 
deep recesses in castings, which would normally have 
to be end milled out, can often be shell molded suf- 
ficiently accurately. 

In Fig. 7 a deep recess in a brass casting is shown. 
It is evident that the portion of the mold lifted from 
this recess has little taper. In this particular casting, 
not only has end milling been eliminated but broach- 
ing of the slot as well. 


Conclusion 


Like other semi-precision production technics, shell 
molding has its limitations as well as its strong points. 
While not a panacea for all foundry troubles it has, 
however, much to offer for mass production of small 
and medium-sized components of copper-base alloys 
where fine surface finish and accuracies to within 
0.003 in. per in. are required. In Australia, the 
method is proving attractive, more particularly where 
it makes possible the elimination of expensive and 
time-consuming machining operations. 











EFFECT OF CENTRIFUGAL FORCE ON STRUCTURE AND 


MECHANICAL PROPERTIES OF ALUMINUM CASTING ALLOY C4 


O. Z. Rylski,* A. Couture,* and J. W. Meier** 


Introduction 

A previous investigation! of centrifugal casting of 
aluminum alloys in sand molds showed that the effect 
of turbulence of the metal in its flow through the 
mold passages and in entering the mold cavity was 
predominant over all other factors and it was over- 
shadowing the possible influence of those factors on 
the structure and mechanical properties of the casting. 

It was proved later? that higher mechanical prop- 
erties than those characteristic of static casting are 
obtainable using centrifugal casting technique. Un- 
fortunately, those properties were not uniform 
throughout the casting and in some cases the spread 
of properties for the same casting was considerable. 
Those differences were not so pronounced when the 
metal was delivered into a stationary mold cavity, or 
with the mold revolving at low initial speed. This 
suggested that a uniform increase in mechanical prop- 
erties could be obtained using the centrifugal casting 
technique, provided that disturbances in the metal 
flow and oxidation were eliminated, and that condi- 
tions for progressive solidification were maintained 
at the peak hydraulic pressure without bridging 
effects. 

With the limitations imposed by the equipment 
used in the previous investigations, the effect of hydro- 
static pressure and centrifugal force was partially lost, 
due to a long time of acceleration to the maximum 
required speed. The result was that the true influ- 
ence of the centrifugal casting technique on the struc- 
ture and mechanical properties was obscured or con- 
fused by such factors as turbulence and the uncertain 
magnitude of the centrifugal force and hydrostatic 
pressure during the solidification of the casting. 

Equipment has therefore been designed which 
should eliminate these confusing factors and allow 
the casting to solidify without turbulence under 
known conditions of centrifugal force and hydrostatic 
pressure. 


* Research Metallurgists, and ** Head, Non-Ferrous Metals 
Section, Physical Metallurgy Division, Mines Branch, Depart- 
ment of Mines and Technical Surveys, Ottawa, Canada. 

Published by permission of the Deputy Minister, Department 
of Mines and Technical Surveys, Ottawa, Canada. 





Description of Equipment 


In order to fulfill these requirements it was de- 
cided to melt the metal in a specially designed mold 
cavity and let it solidify therein under the influence 
of centrifugal force. A special furnace and electrical 
connections were designed and adapted to a modified 
small centrifugal casting machine. The electrical re- 
sistance furnace was mounted radially in a horizontal 
position on a table that could be rotated by an elec- 
trical motor. 

The furnace consists of a coil of No. 20 gauge ni- 
chrome wire wrapped around a porcelain tube and 
completely covered with refractory cement. The por- 
celain tube houses a thin-walled cast-iron mold 174, 
in. in diameter, 614 in. long, with the inside wall 
tapered to yield a billet of 114 in. in diameter at the 
bottom and 15% ¢ in. in diameter at the top. 

The end of the furnace at the periphery of the 
rotating table is open and only two thin strips of 
steel sheeting form a support for the cast-iron mold 
shell; this permits air cooling of the mold base and 
facilitates progressive solidification. The end of the 
furnace nearer to the center of revolution is closed 
with an alundum cement block in order to prevent 
the exposed surface of the metal from being cooled. 
Figure | shows, from left to right, the alundum cover, 


yes 





Fig. 1—Cover, billet, furnace, and mold. 
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Fig. 2—Interior of the equipment. 


the type of billet produced, the furnace, and the cast- 
iron mold. 

As shown in Fig. 2, the equipment is housed in a 
l-ft high, 14-in. thick steel cylinder 2 ft in diameter. 
The two hinged steel lids cover the machine when a 
heat is in progress. The weight of the furnace is 
balanced by a lead counterweight, shown at the ex- 
treme right of the plate facing the furnace. The low 
sheet metal wall at the periphery of the revolving 
plate forms an enclosure with the inner cover (Fig. 
3). This protects the mold and the furnace from 
contact with outside air when in motion. 

If progressive solidification of the molten billet is 
to be obtained, to decrease the possibility of shrinkage 
cavities, solidification must proceed from the bottom 
towards the free surface of the billet, that is, towards 
the center of revolution. For that purpose a perfor- 
ated cooling ring was fixed against the outside wall 
at the proper level to deliver a blast of cooling air 
through the open end of the furnace against the 
exposed base of the mold. The bottom of the billet 
is therefore cooled much faster than any other part 
and progressive solidification is established. The 
cooling ring can be seen behind the furnace in Fig. 2. 

In Fig. 4 the machine is seen ready to operate, with 
the two steel lids covering the whole assembly and 
the two brushes in contact with the copper rings. 


Procedure 


The billets to be remelted in the furnace described 
above were cast in small melts of four billets, using 
C4 alloy ingot supplied by the Aluminum Company 
of Canada, Ltd. Each melt was chlorinated for a 
period of 2 min at a temperature of 710-720 C (1310- 
1328 F) and settled for 6 to 7 min before pouring. In 
all cases the pouring temperature was between 685- 
690 C (1265-1275 F). 

From each melt one billet was selected at random, 
heat treated, machined into a 3-in. long test bar, and 
tested to find if the metal to be subsequently re- 
melted had good properties. The remaining three 
billets were remelted and frozen in the small furnace, 
all at the same revolving speed. 

The temperature attained within the billet during 
melting has been standardized on a constant testing 
time. It was judged that controlling the temperature 
with a thermocouple would be too complicated, due to 
the movement of the furnace and the possible errors 


Fig. 3—Inner cover in place. 





Fig. 4—Equipment ready for operation. 


caused by sliding contacts. Trial runs were therefore 
made with the furnace stationary, to determine the 
metal temperature after different heating times. 

With the furnace in vertical position a billet was 
remelted with three thermocouples inside the metal: 
one at about 34 in. from the bottom of the mold, 
a second one at about 21% in. from the bottom, and a 
third one at about 114 in. from the top. The tem- 
peratures at these three points were recorded and 
plotted against the time elapsed since the beginning 
of the run. The average results from many trials with 
different billets, but with the same mold, are shown 
in Fig. 5. The two curves are marked Ty, for the 
thermocouple near the bottom, and T, for the ther- 
mocouple near the top; the curve for the middle 
thermocouple is not given since it is about midway 
between the other two. 

It is seen that after 24 min of heating, which from 
experience was adopted as the standard heating time, 
the temperature at the top is around 725 C (1337 F) 
and at the bottom around 680 C (1256 F). After 24 
min of heating the power was shut off and air turned 
on. The cooling curves thus obtained are shown on 
the right side of the diagram (Fig. 5). It is apparent 
from the curves that after the power has been shut off 
and the air turned on, the bottom of the billet was 
completely solid in a few seconds while the top re- 
quired something like 114 min to solidify, thus show- 
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Fig. 5—Heating and cooling curves of loaded furnace. 











ing that the desired progressive solidification had 
been obtained. 

Since after 15 min of heating the metal began to 
soften, the temperature being around 590 C (1094 F), 
the accepted procedure was to start the motor at the 
15-min mark. With everything at rest for the first 15 
min, the possible error in the heating time because of 
the motion was greatly reduced. 

Fifteen seconds before shutting off the power, i.e. 
after 23 min and 45 sec of heating, the air was turned 
on in order to induce progressive solidification. The 
air was held on and the furnace left to revolve for 
about 5 min after the current power to the furnace 
was cut off. 

At each speed, 0, 100, 200, 300, 400, 500, 600, 700, 
800, and 900 rpm, five billets were remelted (one at a 
time), four being for the tensile tests and one for 
studying the grain size and determining the hardness. 
The billets to be subjected to tensile tests and hard- 
ness measurements were given the following heat 
treatment: solution treatment for 16 hr at 515 C (960 
F), followed by a quench in boiling water and pre- 
cipitation hardening for 4 hr at 160 C (320 F). 


Results 


a) X-ray Examination—All the centrifugally re- 
melted and frozen bars were x-rayed. X-ray examina- 
tion (Fig. 6 is a photographic print of a typical x-ray 
film) indicated that there is an area of apparently 
close-grained but less dense metal extending from the 
bottom of the billet and separated by a definite 
boundary from an area of denser metal and of larger 
grain size extending to the top of the billet. It is to 
be noted that the boundary which clearly divides the 
billets is inclined in the same direction as the free 
surface, which suggests that the combined gravita- 
tional and centrifugal forces have some influence on 
it. The boundary moves towards the top of the billet 
with increasing rotational speed. 

Metallographic examination confirmed the x-ray 
finding that the metal is sound below the boundary, 
with porosity and shrinkage cavities in the upper 
part, situated above the boundary. 
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Fig. 6 — Illustration 
of typical x-ray film. 


b) Macro- and Micro-Examination 

1. Macro-examination. As mentioned previously, one 
billet cast at each spinning speed was used for macro- 
examination and hardness determinations. Each bar 
was longitudinally cut into two halves, one half being 
used for macro-examination and the other one for 
hardness measurements. 

The macrostructures were revealed by swabbing 
with 30 per cent cupric chloride in water, dissolving 
the black residue with nitric acid, and repeating the 
process until satisfactory grain contrast was obtained. 





Fig. 7—Macrostructure of billet remelted in static 
conditions. 


Figure 7 shows the macrostructure of the billet re- 
melted in static conditions with the furnace in vertical 
position. The grains vary in size from fairly fine at 
the bottom gradually to about 3 or 4 times coarser 
near the top. 

The macrostructures of the specimens centrifuged 
at 100, 200, 300, 400, 500, 600, 700, 800, and 900 rpm, 
are presented in that order, as Nos. | to 9, in Fig. 8. 
These specimens show a thin layer of equiaxial grains 
at the very top followed by a zone of columnar grains. 
The thickness of these two layers varies with the 
speed of rotation, the columnar zone increasing in 
length as the speed increases. Below this columnar 
zone is the bulk of the billet, which consists of 
equiaxial crystals. 

In this equiaxial region the specimens remelted at 
speeds of 200 to 600 rpm display two sharply divided 
zones previously noted. The bottom zone, composed 
of extremely fine grains, extends more and more 
towards the top with increasing speeds until the 
upper equiaxial area is completely eliminated and 
the very fine grains meet the columnar zone near the 
top at 700 or 800 rpm. In the upper equiaxial zone, 
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Fig. 8—Macrostructures of specimens centrifuged at 100, 200, 300, 400, 500, 600, 700, 800, and 900 rpm. 


the grains are many times coarser than those of the 
lower one and are larger closer to the top. As can 
be seen, there is no gradual transition from one zone 
to the other; the change is sharp, and, as was already 
pointed out, the boundary is inclined in the same 
direction as the free surface of the metal. 

The last three specimens melted at 700, 800, and 
900 rpm have a thin layer of columnar grains at the 
bottom followed by a long zone of small equiaxial 
grains which extends as far as the shrinkage cavities 
near the top. Here again the change from one zone to 
the other is sharp and the separating surface is in- 
clined in the same direction as the free surface. This 
thin layer of columnar grains at the base of the billets 
is believed to be richer in copper, because it is lighter 
on the x-ray film. It would appear to be a local 
phenomenon, since it only appears at rotational 
speeds of 700 and 800 rpm, and at 900 rpm it can 
barely be seen at the lower right corner of the speci- 
men. 

All specimens remelted at 300 rpm, and especially 
at higher speeds, show some porosity between the 
boundary line and the columnar zone at the top. The 
size of these cavities definitely increases with the 
speed. Some of these shrinkage cavities are seen on 
Fig. 8, but they are better detected by the x-ray exam- 
ination. 


2. Micro-Examination. Microscopic examination was 
carried out on one complete half of a longitudinally 
cut billet centrifuged at 600 rpm. The specimens were 
left in the as-cast condition in order to study the true 
structure produced by the remelting and freezing con- 
ditions. 

The specimens were etched 10 sec in Keller’s etch. 
Photomicrographs at a magnification of 75x, were 
taken at points where there appeared to be some 
change in the structure. These places are shown 
graphically in Fig. 9. The copper contents for these 
spots were determined by interpolation from Fig. 10. 
Table 1 gives the distances from the bottom of the 








TABLE 1——SEGREGATION ALONG A BILLET SOLIDIFIED 
AT 600 RPM. 
Distance in in. 

Fig. No. from the bottom % Cu 
11 (top) 5.48 3.4 
12 4.97 4.6 
13 4.83 4.9 
14 4.48 5.2 
15 4.18 5.1 
16 4.05 5.1 
17 3.48 4.9 
18 1.15 3.9 
19 1.10 3.6 
20 (bottom) 0.03 4.9 
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Fig. 9—Distances (in inches) from the bottom at which 
photomicrographs were taken. 
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Fig. 10-—-Copper content curve for microscopically 


examined specimen. 
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Fig. No. 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


As-cast C4 alloy, etched 10 sec in Keller’s reagent. Photo- 
micrographs taken along a billet centrifuged at 600 rpm. 
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billet to the center of the field photographed, and the 
corresponding copper contents. 

The copper content (Fig. 10) along the length of 
the billet used for micro-examination was determined 
by analyzing samples taken at approximately 0.5 in, 
intervals. 

A series of photomicrographs, Figs. 11-20, was taken 
from the top of the billet down; the first one, Fig. 11, 
as close to the top as possible, and the last one, Fig. 20, 
near the bottom. 

The first feature to notice in these photomicro- 
graphs is that the grains vary not only in size but also 
in shape as we move along the bar. The first photo- 
micrograph (Fig. 11) shows equiaxial grains of var- 
ious sizes, while the second one (Fig. 12) was taken 
from a region of columnar grains, the structure of 
which is similar to that of a rolled piece. The next 
photomicrographs represent cored dendrites of var- 
ious sizes and shapes. Figure 18 shows a definite 
change in the appearance of the grains; this photo- 
micrograph, taken just above the boundary, reveals 
columnar grains oriented parallel to the axis of the 
bar. One field further, i.e. 1.2 mm lower, just below 
the boundary line (Fig. 19), there is a region of small 
equiaxial grains that extends to the bottom of the 
billet. 

A characteristic of these pictures is that they all 
show primary dendrites of the solid solution of cop- 
per in aluminum surrounded by the eutectic of solid 
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Fig. 21—Copper content and hardness curves for speci- 
men remelted without movement. 
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Fig. 23—-Copper content and hardness curves for speci- 
men remelted at 600 rpm. 
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solution and CuAl,. The amount of eutectic is in 
close agreement with the copper content given in 
Table 1 for each area studied, For instance, in Fig. 
19 there is much less grain boundary compound than 
in Fig. 20; in the first case the copper content is 3.6 
per cent, compared to 4.9 per cent for Fig. 20. 

Under equilibrium conditions there should be no 
eutectic because the average copper content of the 
alloy is between 4 and 5 per cent, while at the eutec-. 
tic temperature (548 C, 1018 F) the maximum solubil- 
ity is 5.65 per cent copper. However, under the con- 
ditions of relatively rapid cooling existing in the 
casting, equilibrium is not obtained and some eutec- 
tic is precipitated around the grains of alpha solid 
solution. Diffusion of the copper from the copper- 
rich eutectic into the low-copper primary dendrites is 
soon stopped on account of the short time during 
which the casting is at a sufficiently high temperature 
to sustain diffusion. 

In some photomicrographs an A1-Fe-Si compound, 
formed from the iron and silicon impurities within 
the aluminum, can be seen. This compound, dark- 
ened by the etch, exists in some cases in a massive 
form, while in Fig. 17 it forms a delicate tracery 
“Chinese script.” Below the boundary line there ap- 
pears to be less of this compound, which may be due 
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Fig. 22—-Copper content and hardness curves for speci- 
men remelted at 300 rpm. 
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Fig. 24—-Copper content and hardness curves for speci- 
men remelted at 900 rpm. 
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to segregation, or alternatively, the amount present 
is in much smaller particles than above the boundary. 

c) Chemical Analysis—Samples for chemical analy- 
sis were drilled from billets remelted and solidified 
at 0, 300, 600, and 900 rpm at different levels parallel 
to the free surface (at the top). Only the copper con- 
tent was determined. 

Figures 21 to 24, inclusive, show how the copper 
content and the Brinell hardness (which will be dis- 
cussed later) vary with the distance from the bottom 
of the billets. In all four cases the first sample, taken 
near the bottom, was higher in copper than the aver- 
age. In the specimen remelted and frozen under static 
conditions, the copper content gradually decreases 
from the bottom to the top. 

Rotating the furnace while remelting and freezing 
caused some segregation of the copper. In the bot- 
tom zone of fine equiaxial crystals, the copper content 
decreases up to the boundary. Just above the bound- 
ary it increases by 0.63 per cent in the billet remelted 
and frozen at 300 rpm, by 1.14 per cent at 600 rpm, 
and by 1.0 per cent at 900 rpm, when compared to 
the amount present just below the boundary. The 
specimen remelted at 900 rpm is an example of severe 
segregation: the sample taken at 4 in. from the bot- 
tom contained 5.14 per cent copper, while 514 in. 
from the bottom, near the top of the billet, the cop- 
per was as low as 3.52 per cent. The other specimens 
remelted at 300 and 600 rpm showed the same type 
of segregation, although not to such an extent. 

d) Specific Gravity Measurements — The specific 
gravity was measured separately on the tops and bot- 
toms of the broken test bars machined from 3-in. 
lengths at the bottom part of the billet and the re- 
sults are presented in Table 2. The ‘bottom’ on Table 
2 corresponds to the part of the test bar closer to 
the bottom of the billet. 

Table 2 shows that the upper parts of the billets 
remelted centrifugally are denser than the bottom 
parts, as was indicated by the x-ray and chemical 
analysis results. This is a complete reversal of the 
results obtained with billets remelted without move- 
ment, in which the bottom parts were denser than 
the upper parts. 

It will be seen that the bottoms of the castings re- 


TABLE 2—-SPECIFIED GRAVITIES* OF Top AND BoTToM 
oF Test Bars SOLIDIFIED AT DIFFERENT SPEEDS. 





Revolving 








Speed, Average Specific Gravity 

rpm of top of bottom of bar 

0 2.775 2.793 2.785 
100 2.752 2.750 2.751 
200 2.763 2.758 2.760 
300 2.756 2.749 2.752 
400 2.761 2.756 2.759 
500 2.768 2.762 2.765 
60u 2.765 2.753 2.759 
700 2.779 2.774 2.776 
800 2.781 2.771 2.776 
900 2.784 2.782 2.783 


* Specific gravities were measured at room temperature. 
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melted at 0 rpm have a specific gravity of 2.793 
against 2.775 for the tops. At 600 rpm, however, the 
specific gravities of the bottoms and of the tops are 
2.753 and 2.765, respectively. Although the difference 
is not great, it is consistent. These results are con- 
trary to those expected, i.e., that the centrifugal force 
should produce denser metal at the periphery, that 
is, at the bottom of the billet. 

Comparison of the specific gravity of the specimens 
remelted without movement with the specific gravity 
of those remelted and frozen under the influence of 
the centrifugal force indicates that this specific gravity 
inversion is closely related to the centrifugal force. 
It should be remembered, however, that specific grav- 
ity is a function of the composition of the metal, as 
well as of the amount of porosity, Thus the small 
differences in specific gravity could be accounted for 
by differences in the copper content. It has already 
been noted (Fig. 21 to 24) that the centrifugal action 
causes considerable copper segregation. 

The difference of specific gravity in favor of the 
tops of the bars is very small at 100 rpm and increases 
at higher speeds, reaching a maximum at between 600 
and 800 rpm. At 900 rpm the difference is almost 
nil, probably due to the fact that at the highest 
speed the boundary line, as revealed by the x-ray and 
the macro-etch on Fig. 6 and 8, has moved so far 
from the bottom towards the top that the whole test 
bar, top and bottom, is now in one zone and could be 
regarded as homogeneous. 

Considering now the last column of Table 2, one 
will notice a definite drop in the average specific 
gravity caused by centrifugal action. At higher speeds 
the average specific gravity increases until at 900 rpm 
it is approximately as high as that of the statically 
remelted billets. 

In measuring the specific gravities discussed above, 
the two parts of the broken test bars were used. Some 
bars broke some distance from the boundary line, 
particularly bars remelted and frozen at 200, 300, and, 
in some cases, at 400 rpm. Thus, Table 2 does not 
represent the true specific gravity of the material on 
either side of the boundary, i.e., the fine equiaxial 
material compared with the coarse equiaxial metal. 
Specimens were therefore cut from below and from 
above the boundary line from the half-billets used for 
hardness determinations. The results, given in Table 
3, are similar to those of Table 2, the part of the 
billet above the boundary line (top) being denser 
than that below (bottom). 

In this density work there are two factors involved. 


TABLE 3—SPECIFIC GRAVITY OF THE MATERIAL 
ABOVE AND BELOW THE BOUNDARY LINE. 





Revolving Specific Gravity Specific Gravity Difference in 





Speed, of the top, of the bottom, Specific 
rpm above the boundary below the boundary Gravity 
200 2.793 2.772 0.021 
300 2.793 2.782 0.011 
400 2.798 2.789 0.009 
500 2.797 2.786 0.011 
600 2.796 2.792 0.004 
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One is the general soundness, including such factors 
as microporosity, shrinkage, etc. The other factor is 
the analysis of the metal whose density is being meas- 
ured, since it is apparent that as the copper content 
increases due to segregation, the density of the metal 
should also increase. 

e) Mechanical Properties 

Hardness — Hardness of the specimens was deter- 
mined on a Brinell machine. The Rockwell hardness 
tester was also used and the readings converted to 
Brinell numbers. 

The results obtained from the specimens remelted 
and solidified at 0, 300, 600, and 900 rpm and plotted 
on Fig. 21 to 24 show a close relationship between the 
copper content and the hardness. Except for some 
discrepancy at the base of the billet, the two curves 
of copper content and of Brinell hardness have the 
same general tendency to rise or fall. This is particu- 
larly striking if we consider the results from just above 
and just below the boundary line dividing the coarse 
and fine equiaxial zones. Below the boundary the 
copper content and the hardness are low, and above 
it they are appreciably higher. At the top of the same 
specimens (centrifuged at 300, 600, and 900 rpm) the 
two curves go down again. 

In order to determine the hardness of the material 
close to the boundary, on both sides of it, and at the 
same time to take the average of a greater number of 
readings than was feasible with the Brinell machine, 
the Rockwell hardness tester (‘E’ scale) was used 
and the readings converted to Brinell numbers, These 
results are shown in Table 4. 


TABLE 4—-HARDNESS OF MATERIAL BELOW AND ABOVE 
THE BOuNDARY LINE. 


(Converted from Rockwell E readings) 





Brinell Hardness 
eS Ree Saochanechdeiii 
Speed, rpm Below the Boundary Above the Boundary 








200 82 85 
300 79 89 
400 79 89 
500 72 83 
600 76 87 





The hardness results prove that the material above 
the boundary surface is harder than the material be- 
low it, despite the fact that the grains are larger 
above. Since the hardness results are higher above 
the line than below, it must be assumed that the dif- 
ference in copper content has a more marked influence 
than the difference in grain size. 

Tensile Tests—The tensile test bars were machined 
from the core of the bottom of the billets to Y4- 
in. diam. and l-in. gauge length (overall length, 3 in.). 

Table 5 gives the average results obtained from 
four bars remelted at each speed. The per cent change 
in ultimate tensile strength and in elongation is in- 
dicated as minus (—) or plus (+), depending on 
whether there is a decrease or an increase in compari- 
son with the properties of the castings remelted and 
frozen without movement. 
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TABLE 5—EFFECT OF ROTATING SPEED ON TENSILE 
PROPERTIES OF CENTRIFUGED CASTINGS. 





Ultimate , Change 
Tensile in 
Strength, Ultimate ; Elonga- 


Revolving % Change 





Speed, rpm kpsi rensile tion in in Elonga- 
Strength lin. tion 
0 38.7 6.2 
100 27.9 —28 2.5 — 60 
200 30.9 —20 2.5 — 60 
$00 32.6 —16 2.2 — 65 
400 38.2 —1.3 6.5 + 5 
500 38.0 =e 8.3 + 34 
600 36.7 —5.2 10.3 + 66 
700 38.5 —0.5 10.3 + 66 
800 41.6 +75 13.0 +110 
900 42.0 48.5 10.3 + 66 
Static Castings 39.5 5.2 





These results show that remelting and freezing the 
billets at speeds lower than 700 rpm caused a decrease 
in the ultimate tensile strength as compared with the 
value obtained for statically remelted billets. At low 
speeds, i.e., 100, 200, and 300 rpm, both the tensile 
strength and elongation showed a marked drop. At 
speeds of 400, 500, 600, and 700 rpm, the change in 
elongation is positive, while there is still a slight de- 
crease in the tensile strength; at higher speeds, i.e., 
800 and 900 rpm, the tensile strength increases and 
further increase in elongation is very marked. 

The above results suggest that higher speeds would 
produce a still higher increase in the ultimate tensile 
strength with a possible drop in elongation values. 

In order to see if the material below the boundary 
surface had properties different from those of the ma- 
terial above it, 12 flat Hounsfield test bars were tested 
(six from below the boundary, and six from above 
it). These were taken from different billets remelted 
and solidified at 600 rpm. The average results are 
given in Table 6. 


TABLE 6—MECHANICAL PROPERTIES OF MATERIAL 
BELOW AND ABOVE THE BOUNDARY LINE. 





Ultimate 





Tensile 
Strength, Elongation, % 
kpsi in 0.4 in. 
Top 35.5 6.2 


(above the boundary) 
coarse equiaxial crystals 
Bottom 41.4 10.4 
(below the boundary) 
fine equiaxial crystals 





Although the bars had a small area, around 0.022 
sq in., each group gave consistent results, with lower 
properties for the material above the boundary and 
higher properties for the material below the boundary. 
This is rather remarkable when it is remembered that 
the Brinell hardness of the bottom zone was consider- 
ably lower than that of the top, due to the higher 
copper content of the top zone. It might be expected 
that this would apply equally for tensile strength. 
But in this instance, it would appear that grain size 
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and other solidification characteristics have a greater 
effect than the copper content. 

Mechanical testing with the 3-in. test bars can lead 
to some inconsistency of results because of the position 
of the boundary line with regard to the gauge length 
of the test bar, The properties cannot be expected to 
vary continuously as the speed increases because, if 
the boundary surface has not moved up high enough 
to be outside the gauge length of the bar, the bar 
will break above the boundary, since it is weaker 
there. 

If the boundary line is completely outside the gauge 
length of the test bar, as it is at 700 rpm, and at higher 
speeds, the bar will break at the center of the gauge 
length, which is now entirely fine-grained equiaxial 
crystals. This causes an apparent sharp change in the 
properties. Similarly, at 600 rpm, for example, since 
the boundary is not at the same height in all the 
billets remelted and frozen at that particular speed, 
the results may be inconsistent. 

f) Special Tests—In order to gather more informa- 
tion about the boundary line, a few more billets were 
remelted and frozen at 600 rpm with different condi- 
tions of cooling. The first group of three billets 
was allowed to freeze without air cooling. For the 
second group the air was turned on and the furnace 
power shut off simultaneously. For the third and 
fourth groups, the air was turned on 20 and 40 sec, 
respectively, before shutting off the furnace power. 
For the fifth group (three bars), the air was on 15 sec 
before the furnace power was shut off and some vibra- 
tion was induced by displacing the center of gravity 
of the machine. 

X-ray examination showed no typical difference be- 
tween these results and those previously obtained. 
Some bars showed the boundary line at about the 
same height as before, and some did not show it at 
all. It should be mentioned that the line will show 
on the x-ray film only if the x-ray beam is in the same 
plane as the surface of the boundary (the trace of 
this surface is shown on Figs. 6 and 8) . 

It goes without saying that this section of the pres- 
ent experiment is too incomplete to draw any definite 
conclusion. From the results obtained, however, it 
appears that the existence and height of the boundary 
between the two equiaxial zones is influenced neither 
by the cooling rate nor by the intensity of the vibra- 
tion, within the limits of the experiments. However, 
this last point would deserve further study, since 
Northcott and Dickin* claim that “notable vibration 
gave rise to pronounced segregate banding” and a 
number of other workers have claimed that vibration 
gives equiaxial material of finer grain size. 


Discussion 
The investigation revealed some phenomena that 
are unusual and difficult to explain on the basis of the 
limited available data. These phenomena are: 
1) the copper content variation along the cen- 
trifuged billets, 
2) the presence of the boundary surface, dividing 
materials of different density, grain size, and me- 
chanical properties, 
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3) the displacement of the boundary surface with 
different spinning speeds, and 

4) the parallelism of the boundary with the free 
surface of the centrifuged billet. 

As seen from Fig. 5, cooling is so drastic at the very 
bottom of the billets that there is no chance for the 
centrifugal action to affect crystallization in that 
region. Consequently, the copper content and the 
crystal size and shape in this portion of the billets are 
typical of this alloy when chill cast. However, as the 
distance from the bottom increases, solidification 
occurs more slowly, making it possible for the primary 
crystals to move under the action of the centrifugal 
force. Although the primary crystals are less rich in 
copper than the surrounding liquid they are denser 
because they are solid. Therefore, they move towards 
the bottom of the mold under the action of the cen- 
trifugal force. 

As the temperature drops, the solid particles in- 
crease in density less rapidly than the liquid from 
which they are formed, since there is a concentration 
of copper in this liquid. A temperature is thus at- 
tained at which the primary crystals formed at that 
temperature and the remaining liquid are of equal 
density.* At that temperature the outward movement 
of crystals should cease. As the temperature continues 
to fall the primary crystallites become increasingly 
less dense than the surrounding liquid. It follows that 
they would then be displaced towards the center of 
rotation, i.e., towards the top of the mold. The crys- 
tallites first formed cannot take part in this movement 
since they are now consolidated and frozen in the 
bottom of the mold. 


Solidification Is Progressive 


Since solidification is progressive, the top of the 
mold is hotter and these crystals moving towards the 
top would tend to redissolve. This tends to destroy 
temperature gradients and to establish a zone of uni- 
form temperature, so that when the billet has cooled 
sufficiently solidification takes place in that region 
by the formation of equiaxed crystals. 

Since the velocity of the primary crystals is propor- 
tional to the square of the spinning speed, the crystal- 
lites will move outwards more rapidly as the speed is 
increased. Therefore, in the early stages of solidifica- 
tion, i.e., before the primary crystals and the liquid 
are of equal densities, more of these crystals will be 
collected at the bottom in a given time at higher spin- 
ning speeds, Consequently, at such higher speeds 
more of them will have a chance to solidify in that 
region before reaching the temperature at which they 
would be displaced by denser liquid. This would 
cause the boundary to be farther from the bottom of 
the mold at higher speeds. 

As each crystal is under the influence of two forces, 
i.e., the centrifugal force acting horizontally and the 
gravitational force acting vertically, the resultant 
direction of movement is not horizontal but is per- 
pendicular to the so-called free surface (at the top). 
Therefore the boundary surface dividing the fine- 
grained zone from the coarse-grained zone is inclined 
parallel to the free surface. 
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The anomalies previously noted in the mechanical 
and physical properties of the two zones are thought 
to be due to the segregation of copper during freezing 
under the influence of centrifugal force, and to the 
differences in grain size and structural soundness (i.e. 
freedom from porosity, shrinkage, etc.) in the two 
zones. 

Thus, the material below the boundary has the 
higher mechanical properties because it has a fine 
grain size and is free from porosity and shrinkage. 
The material above the boundary has a higher hard- 
ness and density, or rather specific gravity, because it 
has the higher copper content even though it con- 
tains more porosity and shrinkage. 

Thus, also, the copper content appears to exert a 
predominant effect on hardness and density, while 
structural soundness appears to be more important 
with regard to mechanical properties. 


Summary 


1. X-ray examination of aluminum alloy C4 billets 
obtained by directional solidification in a mold 
mounted in the horizontal centrifugal machine and 
revolved at speeds ranging from 200 to 900 rpm, re- 
vealed two sharply divided zones, the boundary divid- 
ing them being parallel to the free surface of the 
billet. 

2. The zone under the boundary, i.e., the bottom 
section of the billet, in spite of the fact that it had a 
longer radius of rotation and thus was subjected to 
a higher centrifugal force and internal pressure, is 
of a lesser density than the zone above the boundary 
surface, i.e., the upper section of the billet. This con- 
dition is due to the lower copper content in this area. 

3. The lower zone is structurally sounder, i.e., con- 
tains less porosity and shrinkage, than the upper zone 
even though it is less dense, as shown by x-ray exam- 
ination and specific gravity determinations. This 
lower density is due to the lower copper content, as 
already mentioned. 

4. The bottom zone consists of small equiaxial 
grains that form a homogeneous structure quite dif- 
ferent from that of the non-homogeneous upper sec- 
tion, which consists of several zones of grains of differ- 
ent sizes and shapes. 

5. The copper content and hardness exhibit a close 
relationship. They are lower below the boundary 
surface, higher above it. 

6. The ultimate tensile strength and elongation 
of the specimens cut from the bottom zone are higher 
than those obtained from the specimens cut from the 
upper zone, even though the copper content is lower. 
This increase is thought to be due to the greater struc- 
tural soundness of the bottom zone. 

7. The position of the boundary depends on the 
rotational speed. With increasing speeds the bound- 
ary maintains its parallelism to the free surface of the 
billet, but moves towards the center of rotation. 

8. The mechanical properties of specimens ma- 
chined from billets, irrespective of the boundary sur- 
face, compared to those obtained with billets remelted 
at 0 rpm, are lower up to a speed of 700 rpm. Above 
this speed the mechanical properties are higher than 
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those of the billets remelted and frozen at 0 rpm and 
show a definite tendency to increase with increasing 
speeds. 


Conclusions 


Billets of aluminum alloy C4 frozen without turbu- 
lence under conditions of directional solidification 
while under the influence of centrifugal force showed 
a characteristic zoned structure. The lower peripheral 
zone consisted of fine-grained equiaxial crystals, and 
was of lower density and lower copper content, but 
showed less shrinkage and porosity than the upper 
zone. The upper zone consisted of coarser equiaxial 
crystals and had higher hardness but lower mechanical 
properties than the bottom zone. The sharply defined 
boundary between the two zones was inclined on the 
main axis of the billet at an angle formed by vectors 
representing the gravitational and centrifugal forces 
and is parallel to the free surface of the metal. 

At higher speeds of rotation the mechanical prop- 
erties of the billets exceeded those of billets cast under 
the same conditions but without rotation. 

The observed phenomena are thought to be due 
to such factors as the migration of crystallites under 
the action of centrifugal force, segregation of copper, 
and occurrence of porosity and shrinkage. However, 
the scale of the investigation, confined to one alloy, 
makes these explanations tentative. 

Further experiments are under way to repeat some 
of this work with pure metals, and with metal systems 
where the first-formed crystallites are substantially 
more dense or less dense than the remaining liquid, 
in order to see if the observed phenomena can be 
repeated, and the tentative explanations substanti- 
ated. This should greatly assist the understanding of 
the more complex commercial centrifugal casting 
operation, 
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APPENDIX 


Northcott and Lee* state that the velocity of a 
particle subjected to a centrifugal acceleration is given 


*L. Northcott and O. R. Lee, “The Centrifugal Casting of 
Aluminum Alloy Wheels in Sand Molds,” J. Inst. Metals, 71, 
pp- 93-131 (1945). 
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by the equation 


; ee 
V= (ys — yi) cm/sec rer. 
18y 


where f, the centrifugal acceleration of the particle, 
is equal to 





7” RN? 
900 


R is the radius of rotation in cm, 

w is the speed of rotation in radians/sec, 

N is the speed of rotation in revolutions/minute, 

d is the diameter of the particle in cm, 

ys is the density of the particle in g/cm, 

y, is the density of the liquid in g/cm‘, 

7 is the coefficient of viscosity of the liquid in poises. 

From Northcott and Lee’s Equations I and II, the 
results listed in the following table were calculated, 
for each revolving speed used throughout the experi- 
ment: 


i= RK, = cm/sec?, ere 


VELOCITY OF MIGRATION AT THE CENTER OF THE BILLET 
(RApiIUs OF ROTATION, 17.8 CM), As CALCULATED 
FROM EQuartION I. 








Spinning Centrifugal Velocity, Distance 

speed, acceleration, V, traveled, 

rpm f, cm/sec? X10# cm/sec cm/min 
100 19.5 0.003 0.2 
200 78 0.011 0.7 
300 175 0.025 1.5 
400 312 0.044 2.6 
500 487 0.069 4.1 
600 702 0.099 5.9 
700 956 0.135 8.1 
800 1250 0.176 10.6 
900 1580 0.223 13.4 





Northcott and Lee found that the centrifugal accel- 
eration could be determined with some accuracy. 
However, the determination of the velocity of the 
centrifuged particles is based on assumptions because 
four factors concerning velocity (Equation I) cannot 
be accurately determined. These are the diameter and 
the density of the first crvstals to solidify, and the 
density and viscosity of the liquid metal surrounding 
these primary crystals. 

For the viscosity and density of the liquid, and the 
density of the primary crystals, Northcott’s data are: 

» = 0.04 poises, yi = 2.47 g/cm, 

and y, = 2.56 g/cm%, 
for an alloy containing 4.7 per cent copper. This 
copper content is somewhat higher than the copper 
content of the alloy used in the present experiment. 

The size determination of the primary crystals 
(assumed arbitrarily to be spheres) is still less accur- 
ate. Using Northcott’s methods, microsections were 
examined and the diameter of the smallest crystal 
which was found was measured. Assuming that this 
smallest crystal had the minimum ability for growth, 
its diameter, found to be 0.1 in. at a magnification of 
75x, was used in Equation I. 


MECHANICAL PROPERTIES OF ALUMINUM CASTING ALLoy C4 


DISCUSSION 


Chairman: R. F. CRAMER, General Electric Co., Schenectady, 
N. ¥.- 

Co-Chairman: K. B. Biy, Fabricast Div., GMC,, Bedford, Ind. 

WALTER Bonsack (Written Discussion):* The authors did a 
splendid piece of work and should be highly congratulated 
for it. Their deductions of the course of copper segregation 
are plausible. That they are still facing some phenomena is 
not surprising. Casting and solidification is a complicated 
matter as such; to add centrifugal force to gravitational force 
to capillary action, to osmosis and be able to give a simple 
explanation is asking too much. Furthermore, hindsight is 
always better than foresight. From their findings, photographs 
and x-ray reproduction it can be seen that there still are 
factors of unknowns being spun around. Some of these factors 
may well be the following: 

The authors state that they used C4 alloy, manufactured by 
a highly reputable manufacturer. What was the analysis of 
the original copper content, the minor alloying elements 
usually found in this alloy and the trace elements? Was it grain 
refined, what was the grain refiner and what was its distribu- 
tion in the various castings? How did all the other elements 
behave? Can any distribution of any one of these elemenis 
have contributed to the phenomena encountered? 

To add some more complications. In aluminum alloys it 
is hard to determine the presence of non-metallics such as 
oxides and the. like. It is known though, that many of these 
have the same or closely the same specific gravity. So a certain 
small amount of these non-metallics finely dispersed in the 
alloy may influence crystallization and solidification in certain 
ways. As for example they may cause pseudo-grain-refinement 
in some area and shrinkage in another. The presence of a 
grain refiner, however, will overshadow the action of non- 
metallics. 

Therefore, it seems advisable after studying this report, 
that, on further research, an alloy without grain refiner should 
be used and that the alloy be fluxed with chlorine gas till a 
uniformly coarse grained starting material has been produced. 
If of course the minor metallics could be reduced to a mini- 
mum by using 99.9 per cent aluminum and pure copper, it 
may be easier to interpret.the effect of the centrifugal force. 

Mr. MEIER (Reply to Mr. Bonsack): The authors would like 
to thank Mr. Bonsack for his interest in the paper and his 
interesting remarks. Before replying to the questions raised it 
is necessary to recall the original aims of this investigation 
which was started as a side line of our former work on cen- 
trifugal casting of Al alloys, sponsored by the Light Metals 
Division of AFS. As mentioned already, this small-scale investi- 
gation was undertaken to check the true influence of centrifug- 
ing on the mechanical properties of alloy C4 under conditions 
where other factors affecting the casting quality would be 
eliminated. This was achieved, but—as the report shows—the 
pattern of solidification revealed a number of new phenomena 
which had to be studied and explained before further work 
on the original aims could be continued. This paper covered 
only this preliminary stage and it was said that further work 
on these problems is underway. This is why we are unable, 
at present, to show the effect of impurities, metallic or non- 
metallic, on the already somewhat complex solidification 
mechanism. We are fully aware how important this effect may 
be on the grain size and the mechanical properties of the 
castings and have included these factors in the program of our 
further study. 

The average composition of the ingot metal used in our 
work was: 

4.27%, Cu, 0.40%, Fe, 0.64% Si, 0.03% Mn, 
0.12% Ti, <0.005% Sn, <0.001% B, <0.01% Zn 


1 Los Angeles, Calif. 
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THEORETICAL ASPECTS OF OXYGEN IN CAST IRON 


By 


B. B. Bach* 


ABSTRACT 


Effects of the main constituents of cast iron on the oxygen 
content are reviewed. It is shown that all the elements nor- 
mally present (with the possible exception of phosphorus) will 
reduce the oxygen content compared to that of pure iron. Limi- 
tations of the available data are indicated, together with the 
necessary investigations required to extend the knowledge. 


Introduction 


During the past 20 years or so considerable work 
has been carried out on the physical chemistry of steel 
making. Although the same basic principles apply, 
very little has been done to extend this work to cast 
iron. This has led to much loose thinking, especially 
in respect of oxygen in cast iron. Many writers, for 
instance, have assumed that the oxygen content of cast 
iron can be varied at will by the addition of iron 
oxide to the molten metal, or by altering the condi- 
tion prevailing in the cupola. Whether such a varia- 
tion is theoretically possible has not been considered. 
It was therefore decided to review the relevant litera- 
ture so that an attempt could be made to predict the 
oxygen contents of cast iron under various conditions. 
The object of this paper is to provide such a review, 
to show how far the results are applicable to cast 
iron, and to indicate the research necessary to extend 
our knowledge. 

There are three gases to be considered — oxygen, 
nitrogen and hydrogen. This paper is confined solely 
to oxygen. It is also limited, except in isolated cases, 
to gas-metal reactions, no account being taken of the 
reactions between slag and metal. These limitations 
have deliberately been chosen because it was felt that 
a clear understanding of the relatively simple gas- 
metal reactions is necessary before attempting to con- 
sider the complex slag-metal reactions. 


General Principles 


The principal components of cast iron are iron, 
carbon, silicon, manganese and phosphorus. All of 
these can react with oxygen to form. oxides, but their 
affinities are different. This means that the oxides have 


* The British Cast Iron Research Association, Bordesley Hall, 
Alvechurch, Birmingham, England. 
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different stabilities and also that the element with the 
highest affinity for oxygen will be able to reduce the 
oxides of those with lower affinities. This affinity for 
oxygen is, however, dependent on temperature and 
the variation is not the same for all elements. It can 
therefore happen that whereas at one temperature 
carbon, for instance, will reduce silica, at lower tem- 
peratures silicon will reduce carbon monoxide. The 
affinity of an element for oxygen can be measured and 
an expression in mathematical terms for its depend- 
ence on temperature is called the free energy of re- 
action. The definition of this term and its relation- 
ship to the Equilibrium Constant of the Law of Mass 
Action will be given later. 

For the more common elements many of these ex- 
pressions have been evaluated and piotted in graphi- 
cal form.! It is, however, necessary to take into account 
not only the element but also its physical form, i.e., 
whether it is solid, liquid or gas, or in solution in the 
metal or slag, as all of these may affect the free energy 
of reaction. 

The fundamental law underlying the whole struc- 
ture is the Law of Mass Action. This states that the 
rate of a chemical reaction is proportional to the ac- 
tive masses of the reacting substances. This can be 
expressed mathematically for a reaction such as 


aA + bB=cC + dD 
by the expression 


[Cje [D]}@ where [ ] signifies concentration* 
[A]* [B]> and K is the equilibrium constant. 
The concentration can be measured either in terms 
of partial pressures in the gas phase or per cent by 
weight in the liquid phase. 
This constant K is dependent on temperature and 
it can be shown thermodynamically that 
—4G _ where In signifies log,, AG is the 
RT standard free energy of reaction, R 
is the gas constant and T is in °K. 


InK — 


This can be converted from natural logarithms to 


* Strictly speaking, activities should be used, but in most cases 
(especially dilute solutions) concentrations can be used. 
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base -10 logarithms. 
—A4AG where R is expressed in calories 
4.576 T per degree Centigrade. 

It can thus be seen that the log. of the equilibrium 
constant varies inversely with the absolute tempera- 
ture. The free energy of reaction is also temperature 
dependent and its value is given by the Gibbs equa- 
tion. 


log;9K = 


AG = SH—TAS 


ASG = change in free energy 
H = heat content or enthalpy 
T = temperature 
S = entropy 

SH = heat of reaction 

SS = change in entropy 


4H can be measured calorimetrically in many cases. 
MSH varies very little with temperature at high tem- 
peratures and can be regarded as constant. For most 
purposes 4S can be looked upon as the temperature 
coefficient of the free energy. 

In heterogeneous equilibria, i.e., where more than 
one phase is present, the concentration of the solid 
phase is usually taken as unity. Similarly, in the case 
of dilute solutions, the concentration of the solvent is 
taken as unity. In many cases in solution, the activity 
of a component is affected by the presence of other 
components and even varies with its own concentra- 
tion. This variation in activity may be due to a num- 
ber of causes, such as compound formation, associa- 
tion to give molecules, ionization, etc. 

This means that in such cases it is not possible to 
insert the concentration of an element directly into 
the equilibrium constant. This difficulty is usually 
overcome by the use of activity coefficients which, 
when multiplied by the concentration, give the ac- 
tivity. Mathematically, this is denoted by 

Ex % cement = A 
where f is activity coefficient and 
A is activity of the element 

The principles given briefly in the above account 
are treated more fully by Kubaschewski and Evans,? 
Schenk,* A.I.M.E.4 Heine® gives an account of the 
principles involved in the variation of the composi- 
tion of cast iron when melted in contact with silica 
and molten slags. He gives graphs for the calculated 
carbon and silicon contents in equilibrium with solid 
silica and one atmosphere of CO. He does not, how- 
ever, give any indication of the oxygen content of the 
metal and unfortunately his calculations are based 
upon data which may not hold for the carbon con- 
tents quoted (see Fe-C-O and Fe-Si-O equilibria be- 
low). 





Individual Equilibria 

(a) Fe-O-(H) — This equilibrium has been stud- 
ied by Herty and Gaines;* Chipman and Fetters;? 
Taylor and Chipman;® Dastur and Chipman;® Chip- 
man and Samarin;?° and Fontana and Chipman.! Of 
these, Ref. 9, 10 and 11 used the reaction of H.O/H, 
mixtures on molten iron and the others FeO rich slags. 
In general there is very good agreement between the 
results obtained, and the errors present in the earlier 
results can be explained by faulty technique, e.g., 
errors due to thermal diffusion and temperature meas- 


urement. 


OxyGEN IN Cast IRON 


The solubility of oxygen in pure iron can be ex- 
pressed by the equation 
ms —4860 a a 
log % O =—y + 1.935 over the temperature range 
from 1500 C to 1800 C. this gives an oxygen content 


of 0.17 per cent at 1527 C (1800 K). 


(b) Fe-C-O — This equilibrium has been studied 
by Vacher and Hamilton;!* Vacher;!* Marshall and 
Chipman;!* and Phragmen and Kalling.’® These 
studies are all summarized in Ref. 14. In general, these 
investigations compare remarkably well. Some doubt 
has, however, been placed upon the work of Mar- 
shall’* by Herasymenko.'* A theoretical study is also 
given by Fast.17 

All these investigations were carried out by using 
the reaction between CO /CO, mixtures on the liquid 
metal contained in a magnesia or alumina crucible. 
As Marshall and Chipman’s work covers a wider field 
than the other investigations and the results, where 
they can be compared, are very similar, only these 
results will be summarized. 

Marshall and Chipman found that the equilibrium 
constant for the reaction 

Cc+0=CO, 
(where C and O signify carbon and oxygen in 
solution in liquid iron) 
given by 
Poo 
[%C] [%O] 
(where Peo is the partial pressure of CO above the 
melt.) 


on 


varied with (a) carbon content, 
(b) total pressure of gas above melt, 
(c) temperature. 

The variations due to carbon content and gas pres- 
sure can be corrected for by assuming that some car- 
bon and oxygen are present in the melt as dissolved 
CO and that this fraction is proportional to the par- 
tial pressure of CO. They accordingly give the equili- 
brium constant as 

Poo 
[% C — 0.0012 Peo] [%O — 0.0016P oo] 
= 540 at 1540 C. 

This expression is valid for carbon contents up to | 
per cent and CO pressures up to 20 atmospheres. From 
this constant K°, it is possible to calculate the oxygen 
content of the molten metal at any specified value of 
total carbon and partial pressure of CO within those 
ranges. They also give values for the equilibrium con- 
stants of the reactions (see footnote)* 


K°s = 





eo eS lL rere (1) 

ae SS 2: (2) 

i.e., K1,; ——— Se aie —430 at 1540 C up to 0.5% C. 
Poon X (% ©) 

K? Poo = 1.21 at 1540 C for low carbon 


=~ Poo X (% O) contents 


*K and K°' refer to the equilibrium constants using activities 
and concentrations respectively. 
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Values for the temperature variation of K‘,, K*, 
and K!; are also given, These are 
—5778 + 5.784 in the range 1540 C to 
log K'; = —>— 1600 C and carbon 
contents up to 0.02°%. 


5 — 9 x 10° (T-1873)" 
which gives a curve 


or more approximately 


7320 : 
log K}, = - Zi > ome 3.960 
ee Poo 2 . db 
am =e ew * 


From these expressions the free energy changes can 
be found. 


C + CO, = 2 CO —— AG = 26400 — 26.45 T 
C+O =CO ——AG = —8510— 7.52T 


By extrapolation of the graphs for K1,, K', and K'; 
to zero carbon where the activity of oxygen is unity, 
and substitution in the expressions for K,, Ky, Ks, 
namely 


es. Se 
Pos X (£. X %o C) 


(f, == activity coefficient of C in liquid Fe) 


K,= — 430 at 1540 C 


ea Pop § _191 0 150C 


Poo (f, x To QO) 

(f, = activity coefficient of O in liquid Fe) 

- __Poo ss = 512 at 1540 C 
(f. X % C) (f, X % QO) 

activity coefficients for carbon and oxygen in liquid 

iron were calculated, These are given in Table 1. 


TasLe 1 — Activity COEFFICIENTS OF C AND O 
IN Liguip IRON CARBON ALLOYS 











%C 0.0 01 02 05 O75 10 15 20 
f. from K, 1.0 10 10 1.0 1.01 1.03 1.08 1.3 
f, from K’, 1.0 0.93 0.86 0.73 0.67 0.50 0.42 0.39 
f, from K’, 1.0 0.94 089 0.79 0.75 0.55 O41 0.30 





From these expressions the CO/CO, ratio at differ- 
ent C and O contents and partial pressures of CO can 
be calculated within the ranges specified. 

It can be seen from the above that: 

(1) At constant C and Pogo, oxygen increases with 

temperature. 

(2) At constant C and T, oxygen increases with 

Pa. 

(c) Fe-Si-O— This equilibrium system has been 
studied by Kérber and Oelsen;!8 Hilty and Crafts;' 
Zapffe and Sims®°, and Gokcen and Chipman*!. The 
first two used the reaction between molten iron and 
liquid slags containing SiO, and the second two used 
gas-metal reactions, namely H,O/H, mixtures on liq- 
uid iron in the presence of solid silica. There is reas- 
onable agreement between their experimental results, 
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but the conclusions of Zapffe and Sims”°® are different 
to those of the other three. It should be noted, how- 
ever, that Zapffe and Sims’ results are incomplete, 
owing to lack of data on the total oxygen content of 
the metal. 

In each case they found that the activity of oxygen 
in the molten metal is decreased by the presence of 
silicon and that the equilibrium constant of the re- 
action 

2 FeO + Si = Fe + SiO, where FeO and Si are 

is uae | in solution in the metal. 

K = [% FeO} [% Si] or [% OF [% Sil 

is dependent on temperature. It was dem to increase 
with increasing temperature. Zapffe and Sims, how- 
ever, deduced from their data that the total oxygen 
content of the metal should increase as the silicon 
increased from 0.02 per cent, but should also increase 
even more rapidly as the silicon decreases below 0.02 
per cent. A minimum total oxygen is thus indicated 
at 0.02 per cent Si. This postulate was not, however, 
based on experimental measurement of the total oxy- 
gen content and was not confirmed by Gokcen and 
Chipman. 

If Gokcen and Chipman’s results are accepted, and 
these appear to be the most reliable, the following 
expressions hold 

Kgs; = [% Si] [%# O]?= =1.02 « 10° at 1545 C 

=2.8 x 10° at 1600 C 
=5.5 x 10°5 at 1650 C 

The first is only valid for silicon contents below 
0.1 per cent, the third for silicon contents below 0.5 
per cent, but the second holds over the range 0.02 
per cent to 15 per cent silicon. None of the above, 
however, is the true equilibrium constant as they do 
not take into account the activity of oxygen and sili- 
con. The true equilibrium constant 
Ks; = [Ag] [Ao]? where A stands for activity, i.e., 

A=f % where f is the activ- 
ity coefficient. 
is Ky = 46 & 10° at 1545 C 
1.6 « 10° at 1600 C 
4.2 « 10° at 1650 C 

Both of these constants are obviously temperature 

dependent and the expressions for this dependence are 


= 
log K!,, = —~—— 4 8.41 
32000 
and log Kg, = — + 12.29 


This latter equation gives 
4G = 146,500 — 56.3T 

These are valid from 1545 C to 1650 C, but it is 
not known how far they can be extrapolated below 
1545 C. 

Expressions are also given for the equilibrium con- 
stant and free energy of the reaction 

SiO, + 2 H, = Si + 2 H,O 


namely Puyo }? —18000 
log K = log [ Asi Puy sa S's Pe —- 
for which 4 G = 82,000 — 27.3 T 


The activities of oxygen and silicon can be calcu- 
lated from the above expressions and graphs are given 
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Fig. 1—Solubility of oxygen in iron containing manganese. 


in Gokcen and Chipman’s paper. There is, however, 
a very wide scatter in the results, especially at 1545 C 
and 1650 C. Some values are given in Table 2. 




















TABLE 2 — Activiry COoEFFICIENTs fO ANp fS1 
OF OXYGEN AND SILICON IN FE-SI-O MELTs 
Temp.,°C % Si 0.018 0.04 0.07 0.13 
1545 £O iF ~0.7 ~0.7 ~0.7 
f Si 0.8 0.95 1.0 1.05 
% Si 0.01 0.05 0.1 04 #10 40 10 
1600 £O ~l10 ~085 ~08 065 055 05 
f Si 0.9 0.9 10 1.2 15 2.4 3.5 
% Si 0.04 0.07 0.09 0.5 
1650 FO ~0.9 ~0.9 ~0.9 ~0.9 
f Si 0.96 1.0 1.0 1.2 





Briefly, the conclusions to be drawn from this work 
are: 
1) Silicon lowers the oxygen content of iron 
2) The oxygen content of Fe-Si-O alloys increases 
with increasing temperature 
3) Silicon reduces the activity of oxygen in Fe-Si-O 
alloys. 


(d) Fe-Mn-O — This equilibrium system has been 
studied by Kérber and Oelsen!’; Hilty and Crafts’; 
Herty”; Krings and Schackmann?*; Chipman, Gero 
and Winkler;?4 and Sloman and Evans.” It is not 
such a simple system as the previous ones because the 
reaction is based on slag-metal reactions which are 
more difficult to study experimentally than gas-metal 
reactions. This is to a large extent due to the reactiv- 
ity of slags with the crucible material and the diffi- 
culties involved in sampling both the metal and slag. 
The equilibrium is also complicated by the fact that 
the slag may be solid or liquid according to the com- 
position and temperature. 

The reaction can be expressed as 


(FeO) + Mn = (MnO) + Fe(i) 
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Fig. 2—Comparison of present manganese results with 
those of other investigators. 


























where ( ) signifies in slag and — signifies solution 
in metal. : 

This gives an equilibrium constant 

(% MnO) 

(% FeO) % Mn 

This, coupled with the partition coefficient for oxy- 
gen between slag and metal 

% O 


Kyn — 


mm (FeO 
gives the oxygen content of the metal at various Mn 
contents. L, has a value of approximately 0.2 at 1550 
C.24 

There is quite a considerable scatter in the results 
obtained, but this may well be due to the presence of 
impurities, very small amounts of which have been 
shown by Sloman and Evans** to exercise a great in- 
fluence on the equilibrium. 

Hilty and Crafts!® attempted to obtain a value for 
Kyn, but were unable to do so owing to sampling 
difficulties. They did, however, measure the oxygen 
and manganese contents at 1550 C, 1600 C, and 1650 
C for manganese contents up to 2.0 per cent. The 
curves are given in Fig. 1. Figure 2 shows these same 
curves, together with those of Kérber and Oelsen, and 
Chipman, Gero and Winkler. 

Korber and Oelsen represented their results over a 
wide range by the expression 








6234 , 
log Kum — OF — 8.03 (T in °K) 
and Chipman et al represented theirs by 
; ee 
og Kyn = ~ ee 2.95 





This can then be combined with the solubility data 
for oxygen in iron, namely that the oxygen content 
is proportional to the FeO content of the slag and 
that the solubility is given by 

—4860 _ 


Their data, however, only cover the range up to 0.42 
per cent Mn at 1750 C and 0.2 per cent Mn at 1600 


log % O = (see section a). 
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C. At 0.2 per cent manganese this gives an oxygen 
content of approximately 0.14 per cent at 1600 C with 
a slag containing 58 per cent MnO and 33 per cent 
FeO. 
The free energy of the reaction 
Mn + FeO (i) = Fe (/) + MnO (I) 
is given by Chipman** as 
AG = —29,470 + 12.87 T 
Sloman and Evans have recalculated values for the 
equilibrium on the basis of published results and they 
give the following expressions: 
for equilibrium between molten Fe and liquid slags 
48 T — "| (1) 





457 T 


5.86 T — 28,900 
4.57 T 


9 
log Nua = log x — log y + | 


- (2) 





log N, = log y +| 
and for equilibrium between molten Fe and solid slags 
3.12 T — $1,270 
4.57 T | ie 
10.42 T — 36,200 
4.57 T 





log Nu = log x — log y +[ 


- (4) 





log N, = log y + [ 
where 100 Ny, = atomic % Mn in liquid Fe 
100N, = atomic % O in liquid Fe 


Wt. % = Atomic % 
x atomic wt. solute 





atomic wt. solvent 
y = proportion of Fe in slag 
x == proportion of Mn in slag 
andx+y= 1 


Substituting in equation (1) for Chipman’s slag 
composition gives an oxygen content of 0.15 per cent 
which compares quite well with 0.14 per cent by 
direct experiment. 

The conclusions to be drawn from this work are: 

1) Manganese reduces the oxygen content of iron. 

2) Increase in temperature at constant manganese 

content increases the oxygen content. 

(e) Fe-P-O —This system has been mainly studied 
from the dephosphorization view point rather than 
that of deoxidation. Some work has been done by 
Herty?? on the equilibrium between ferrous phosphate 
(FeO) ;P,0,; and molten iron. From his results 
Schenk*? has made some rough calculations of the 
oxygen content of molten iron in the presence of phos- 
phorus. These shown that phosphorus has very little 
deoxidizing power. Bookey et al?? have studied the 
equilibrium between liquid iron and slags consisting 
of mixtures of tetracalcium phosphate and calcium 
oxide. Their results for oxygen content, however, 
show no relationship to the phosphorus content. They 
explain this on the grounds that (a) the ingots were 
porous and hence gave incorrect vacuum fusion re- 
sults, and (b) phosphorus lowers the activity of oxy- 
gen and might even increase the oxygen content. Some 
thermodynamic calculations have also been carried 
out on the system by Flood and Grjotheim.** 

(f) Fe-C-Si-O — Very little direct work has been 
done on this system, but some calculations have been 
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carried out by Heine.® As already stated, however, he 
does not take into account the oxygen content of the 
metal. 

From the data given under (b) and (c) some cal- 
culations can be made. Considering first what limita- 
tions are imposed by lack of data, the iron-carbon- 
oxygen equilibrium has only been investigated up to 
2 per cent carbon, with reliable data only up to | per 
cent. The temperature range is limited to approxi- 
mately 1500 C to 1700 C and reliable data at different 
temperatures are only available below 0.02 per cent 
C. For silicon the data are rather more complete, 
covering the range 0.2 per cent to 15 per cent Si at 
1600 C, but only up to 0.1 per cent Si at 1540 C. In 
neither case, therefore, are there any data below 1500 
€. Furthermore, although the activity of oxygen in 
the presence of up to 2 per cent C and up to 15 per 
cent Si is known, its activity in the presence of both 
C and Si is not. By making certain assumptions it is 
possible however to make approximate calculations. 

Taking the case of an iron-carbon-silicon alloy 
melted in a silica crucible under a CO/CO, atmos- 
phere, the reactions taking place are 


c+0O2=CO \aeeaee 
co +02 C0, ian 
co, + € =2CO oe ® 
Si + 2 O =sio, ... A) 
2C + SiO, = 2 CO + Si ae 


At equilibrium, all these individual reactions must 
be in equilibrium. Now the equilibrium constants 
for reactions (1) to (4) are known and (5) is a com- 
bination of (1) and (4). 

At 1540 C the equilibrium constant for (1) is 
given by 


Poo 
(% C— 90,0012 Peo) (% O — 0.0016 6P eo) 
= 540 up to 1% C. 





Ko_o = 


.. Substituting for 1% C and 1 atmosphere Poo 
%O eamun 0.0016—= 0.00185 +- 0.0016 = 0.0035% O 


540 
It is also known" that from equation (3) 
a Lae 
eo Poop X ae 


where a, = activity of carbon 

.. Substituting for Peg = 1 and a, = 1.03 (refer- 
ence 14) 

Pcog = 0.0023 atmospheres 

This means that in an inert crucible, molten iron 
containing 1 per cent carbon would be in equilibrium 
at 1540 C with a gas mixture of CO and CO, whose 
partial pressures are 1 and 0.0023 atmosphere respec- 
tively”. 

In the presence of silicon and solid silica the oxygen 
in the metal (0.0035 per cent) must be in equilibrium 
with silicon to satisfy equation 4. Substituting for the 
oxygen concentration in the expression 

K1,; = [% Si] [% OF = 1 x 10° at 1540 C 

(see section C) 


10° 10° 
[% OF ~ 337 x 10% — O82% 





[% Si] = 
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This means that | per cent C and 0.82 per cent Si 
should be in equilibrium at 1540 C with solid silica 
under partial pressures of CO and CO, of 1 and 
0.0023 atmospheres respectively. 

These calculations, however, are far from correct. 
No account has been taken of the lowering of the 
activity of oxygen by carbon and silicon, nor the 
effect of carbon on the activity of silicon and vice 
versa, For instance, the activity of oxygen in the pres- 
ence of 1 per cent carbon is approximately 0.5 (ref- 
erence 14) and about 0.6 (reference 21) in the pres- 
ence of 0.8 per cent Si. There are, however, no data 
available for the activity of oxygen in the presence 
of both carbon and silicon. 

By ignoring the effect of carbon on the activity of 
oxygen, an oxygen concentration that is, in effect, too 
high is substituted in the expression for Kg;. This 
means that the silicon content is too low. 

It is now possible to consider in a qualitative man- 
ner how the various components will vary with chang- 
ing conditions. 

From the equilibrium constant of equation (1) it 
is obvious that if carbon increases, oxygen decreases 
(Peo constant) and hence from equation (4) silicon 
also increases. It also follows from equation (1) that 
if the partial pressure of CO increases, either C or O 
must increase. To keep the carbon constant it follows 
from equation (3) that the partial pressure of CO, 
must increase. 

Considering the effect of temperature on the equili- 
bria, the following are obtained (from the expres- 
sions for the variation with temperature of reaction 
(1) to (5) given in section (b) and (c). 

C40 u@ t=..2 
Se TH ETI%O! 
as T decreases, K,; increases “ a 


Pcos 
co +QO2=CO, K,= “Poo [% O] 
as T decreases, Ky increases 
. Po 
co, + C=2CO Ks = 7 C] Poo? 
as T decreases, K; decreases a 
] 
[% Si] [% O] 


as T decreases, K, increases 


2C + Si0, =2C0 +4 Si K,_P’co [% Si] 
1% C} 
as T decreases, K decreases 


By substitution in these expressions it is found that 
for a decrease in temperature 

a) If Peg and C remain constant Si and O must de- 

crease and Pecos increases 

b) If Peo and O remain constant C and Si must de- 

crease and Peco. increases 

c) If Peo and Si remain constant O decreases and C 

increases 

From the available data (by extrapolation where 

necessary) it is possible to find approximately what 
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pressure of CO is necessary to maintain equilibrium 
with solid silica at 1540 C for a typical gray iron com- 
position, namely 3.5 per cent C and 1.5 per cent Si. 
From K's, substituting for Si = 1.5% 
5 
O%*%= B = 0.0026 
= WV 1.5 
An approximate value for f,°' (activity coefficient of 
oxygen in presence of silicon) = 0.2 (by extrapolation 
from Gokcen and Chipman*?) . 
0.0026 
.’. The percentage oxygen would be ~~ = 0.013% 


Substituting for this in 





Poo . “.* 
K., = — = 512 where a, and a, are activities of 
a. X ay : ~ 
bs carbon and oxygen respectively. 
a2 = Poo 





(2.5 x 3.5) (0.0026) 
(a, is extrapolated from Darkens?® and Marshall 
and Chipman’s** data) 
-.Peo= 512 & 2.5 & 3.5 & 0.0026 = 11.6 atmospheres 
This value, however, is very approximate due to 
the absence of accurate data on the activities of oxy- 
gen, silicon and carbon in these ranges. 


Discussion 


It is not in any way suggested that the above ac- 
count covers more than the very simplest thermo- 
dynamic treatment of the reactions occurring when 
cast iron is melted. It is mainly intended to give in 
broad outline the direction in which the reactions are 
likely to proceed when the conditions are changed. No 
mention is made, for instance, to the effects of FeO- 
rich slags. This subject was omitted deliberately for 
two reasons: 

a) There are no data available below 1500 C and very 
little above this temperature, except for low car- 
bon and low silicon materials (steels) 

b) Above a temperature of about 1420 C (depending 
on the carbon and silicon content) cast iron can- 
not be in equilibrium with iron oxide or iron sili- 
cate slags except at high pressures. (See Heine’). 
Hence, thermodynamic equilibria are inapplicable. 

However, from the data already presented it can be 
seen that qualitatively, at least, the effects of tempera- 
ture, pressure, carbon and silicon on the oxygen con- 
tent of cast iron can be predicted. It should also be 
pointed out that the figures obtained in the preceed- 
ing calculations are of the same order as those ob- 
tained in practice by the vacuum-fusion method. 

Before any further progress can be made in the 
quantitative application of these principles it is im- 
perative that more data be available. To obtain these 
data both the Fe-Si-O and Fe-C-O systems will have 
to be reinvestigated at lower temperatures and for 
higher silicon and carbon contents. 

The Fe-C-Si-O system will also have to be in- 
vestigated over a wide range of carbon and silicon 
contents and temperatures, It must be pointed out, 
however, that none of these projects will be easy owing 
to practical difficulties associated with the oxygen 
determinations. These difficulties can readily be un- 
derstood when one realizes that all the extensions 
mentioned above will tend to lower the oxygen con- 
tent and this is already near the limit of the present 
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vacuum fusion technique. Another difficulty, of course, 
is the crucible material; it being difficult to find a 
material which will resist the action of both carbon 
and silica at elevated temperatures. 
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DISCUSSION 


Chairman: C. K. Donono, American Cast Iron Pipe Co., 
Birmingham, Ala. 

Co-Chairman: H. W. Lownie, JR., Battelle Memorial Institute, 
Columbus, Ohio. 

H. R. CLarke (Written Discussion): The author apparently 
tells us that it is impossible for oxygen to exist in cast iron 
in harmful form or amount, his reason being based on the 
assumption that reducible substances in cast iron obey the 
Law of Mass Action. His conclusions are not tenable for the 
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reason that there is ample evidence that the ingredients of 
cast iron do not obey this law. 

Ingredients of cast iron fail to obey the Law of Mass Action 
for the same reason that the simplest form of electrolytic cell 
fails to obey it. In both cases it appears that chemical action 
is inhibited as the result of gas films that encase one or more 
of the reducible substances: thus we have the Law of Polariza- 
tion. 

The Law of Polarization, when applied to cast iron, results 
in derivation of the Theory of Polarization of Oxides in Cast 
Iron. This theory is states that reducible oxides in cast iron 
are encased in films of inert gas. 

This little-known theory offers what is perhaps the one and 
only common-sense explanation as to why harmful percentages 
of oxides of silicon, manganese and iron can exist in molten 
iron. There was little or no reason to doubt that they do exist 
after the publication of T. L. Joseph's paper* in 1937. 

E. A. Loria (Written Discussion):* This is a good review and 
analysis of deoxidation equilibria in cast iron. It is another of 
the many outstanding contributions of the BCIRA on the sub- 
ject of gases in cast iron. From the practical standpoint, one 
would like to know how the vacuum-fusion analyses which Mr. 
Bach and his co-workers have obtained in other recently pub- 
lished studies** check with the calculated equilibrium values? 
Our own recent study* on gray iron heats melted in the Batelle 
10-in. diameter cupola following commercial techniques, showed 
the average vacuum-fusion result for oxygen was 0.0022 per 
cent throughout, close to the equilibrium values calculated for 
the silicon-oxygen reaction at 2800 F (1540 C). 

A more elaborate study* covering cast iron melted in the 
same cupola under both normal and oxidizing practice showed 
that all but one of the nine heats produced irons with an 
average vacuum fusion oxygen between 0.0016 and 0.0027 per 
cent. This correlates well with the equilibrium value of 0.002 
per cent calculated for the silicon-oxygen reaction. Changes 
in the silicon content of the iron from 1.32 to 2.35 per cent 
had no consistent effect on the oxygen content of the iron. 
Also, the oxygen content of the iron had no detectible rela- 
tionship to either (a) the carbon content of the iron, within 
a range of 2.98 to 3.43 per cent, or (b) the carbon equivalent 
of the iron, within a range of 3.55 to 4.12 per cent. Finally, 
in regard to the heterogeneous reaction of oxygen between 
metal and slag, the partition factor was found to be negligible 
and there was no relation between the oxygen content of the 
metal and the oxygen content of the slag (FeO). 

The second part of this study® covered the effect of oxygen 
on the mechanical and physical properties of these cast irons. 
Chill depth, transverse strength, deflection and impact strength, 
spiral fluidity and section sensitivity to hardness were investi- 
gated. The lowering of transverse strength accompanying higher 
oxygen content was the only significant undesirable effect of 
high oxygen content. Irons containing 0.0022 to 0.0046 per cent 
oxygen had a transverse strength that averaged about 70 Ib 
higher than expected for their composition. When the oxygen 
content of the iron increased to about 0.005 to 0.007 per cent, 
the transverse strength was lowered by several hundred pounds. 
Irons containing 0.0012 to 0.0016 per cent oxygen had normal 
strengths for their composition. The results indicate that oxy- 
gen contents below 0.005 per cent in the iron do not affect 
chill depth. With 0.005 to 0.007 per cent oxygen, it appeared 
to have a slight graphitizing tendency. Does Mr. Bach have 
any data on this practical aspect of the subject? 

Taking the case of dissolved oxygen in an iron-carbon-silicon 
alloy, Mr. Bach lists five reactions that are taking place. In 
the following section, a combined reaction is considered and 
the author’s comments on this approach would be appreciated. 
The homogeneous reaction between the dissolved oxygen in 
the iron and the dissolved silicon and carbon is very rapid. 
Therefore, equilibrium is approached rapidly: 

Si + C + 30 = SiO. + CO 


for which 4 F° = —128627 4 35.98T and log K — 22115 
= 





~ ae &sio2 X aco PF 1 
asi X ac X alo ass X ae X ato 


1 Metallurgist, Sherman & Reilly, Inc., Chattanooga, Tenn. 
204 


*Transactions, A.I.M.E., 1937, p. » 
2 Senior Engineer, Metallurgy, The Carborundum Co., Niagara Falls, N. Y. 
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making the customary assumptions. From the derivation of 
the free energy equation, the activities of the Si, C and O are 
equal to their percentages if the deoxidizers are present sep- 


arately: 








r,°C T,.°R log K K 

1540 ‘1813 7.65 44.60 x 10° 
1600 1873 7.15 14.15 x 10° 
1650 1923 6.76 5.75 x 10° 
1700 1973 6.39 2.45 x 10° 


From these data, the products of the Si and C activities for 
certain percentages of O at the stated temperatures are: 


‘ay K Pct O *Si x *c 

1540 44.60 x 10° 0.100 2.24x 10-5 
0.010 2.24 x 10-3 
0.0028 1.00 

1600 14.15 x 10° 0.100 7.06 x 10-5 
0.010 7.06 x 10-* 
0.0041 1.00 

1650 5.75 x 10° 0.100 1.74x 10 
0.010 1.74x 107 
0.0056 1.00 

1700 2.45 x 10° 0.100 4.09 x 10-* 
0.010 4.09 x 107? 
0.0074 1.00 


It is noteworthy that the product of the activities of silicon 
and oxygen dissolved in iron equal 1, when the dissolved 
oxygen in the iron equals 0.0028 per cent. This is practically 
the average result for vacuum-fusion analyses and close to the 
equilibrium value for the silicon-oxygen reaction. This is for 
the very important temperature of 2740 F (1540 C) in gray 
iron melting operations. 

Although Mr. Bach has not considered the following im- 
portant reaction, his comments would be appreciated. Accord- 
ing to Heine,’ it may be reasonable to put a border-line at 
2670 F (1465 C) and call the process, of melting and pouring 
at temperatures above this value a high temperature operation. 
This is the temperature at which the following chemical reac- 
tion reaches equilibrium: 

Si Og + 2C = Si + 2CO 
At cupola temperatures above 2670 F, the reaction proceeds 
to the right, which means that silica is reduced by carbon 
thereby increasing the silicon content of the molten cast iron. 
Heine’s discussion literally says that with cupola temperatures 
above 2670 F, the silicon content of the iron is increased. 
Increased above what? Most operators, even at temperatures 
of 2700 F (1483 C) and higher, report silicon losses of 10 
per cent. The author’s comments on the thermodynamic aspects 
would be appreciated. A whole paper could be written on this 
subject dealing with the rate and amount of oxidation of 
silicon from the iron and the rate of reduction of silica from 
the slag. 
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Mr. BaAcu (Author’s Reply to Mr, Loria): The recently pub- 
lished figures for oxygen have not been correlated with equi- 
librium values, owing to the lack of reliable data for Fe-C 
melts above 1 per cent-2 per cent C, and the difficulties in 
knowing the correct activities to use when both Si and C are 
present together with oxygen. In addition, the presence of 
small amounts of such elements as Al and Ti would have a 
very pronounced influence as they are both more powerful 
deoxidisers than Si. The results obtained are, however, all 
within the range 4-100 ppm (0.0004 per cent — 0.01 per cent) 
with a tendency for higher oxygen contents in the presence of 
low silicon contents. 

Only in one case have we found any correlation between 
the oxygen content of cast iron and the FeO content of the 
accompanying slag. Only a few results have been obtained 
on this subject, but more work is in hand. 

Some work has been done on the effects of oxygen on gray 
iron and the results were published in our paper on the 
“Estimation and Influence of the Gaseous Elements in Cast 
Iron,”* and in Williams’ paper on “Oxidised Iron.’? No effect 
on the depth of chill was noticed with oxygen contents from 
10 to 100 ppm except when Al was present initially. Certainly 
no graphitizing effect has been noticed, but such an effect would 
be feasible if a strong carbide stabilizer were being removed 
or inactivated by oxygen. No work has been done by us on 
the effect of oxygen on the strength of cast iron. 

Although I feel that Mr. Loria’s approach to the Fe-Si-C-O 
equilibrium is quite sound in principle, I consider that little 
accurate information can be obtained until the equilibrium 
has been fully investigated in the ranges concerned. I had also 
not overlooked Lange and Heine’s work on this equilibrium; 
in fact I referred to Heine’s earlier work. It is of course not 
possible to state one definite temperature at which the reaction 

Sido +2CeSi+2CO 
is in equilibrium; the temperature depends on the concen- 
trations. That such a temperature does exist is well known in 
practice. One has only to watch a ladle of clean cast iron 
cooling in air to see the change from clear to cloudy metal. 

Admittedly Heine’s discussion says that the silicon content 
should increase under equilibrium conditions but can one 
be sure that equilibrium conditions exist in a cupola? I think 
not. Air is being constantly blown into the hot zone so that the 
above reaction cannot reach equilibrium. This is especially 
so as the metal has a high surface tension and hence does not 
wet the only source of silica, the cupola lining. On the other 
hand, in an air furnace where conditions are more static, silicon 
pick-up can, and in fact often does, occur as shown by Heine. 

My opinion is that thermodynamic principles should be ap- 
plied with caution especially to complex reactions such as occur 
in a cupola. Although rates of reaction may be expected to be 
high at elevated temperatures this is not always the case, 
especially when one of the reactants is a solid. Reactions in- 
volving liquid and gas phases are much more likely to occur 
rapidly and may take precedent, thus giving apparently ano- 
malous results. 
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WHAT IS STICKINESS IN CORE SAND MIXTURES? 


By 


Wayne H. Buell* 


The AFS Core Test Committee** organized a 
Sub-committeet on “Core Stickiness.” Its purpose was 
to define stickiness and investigate methods for its 
evaluation. The following is an outline of the prob- 
lem, a report on technical data to date, and sugges- 
tions for improving core sand practice. 

Core sand stickiness has been defined+ as ‘““The 
tendency of a core sand mixture to adhere to pattern 
surfaces.” It is the opinion of the committee that 
methods for measuring stickiness may be confined to 
(1) the relative quantity of core sand retained on the 
pattern, (2) the force required to part the core from 
the pattern surface, and (3) core smoothness, A litera- 
ture survey conducted by D. S. Mills, Process Develop- 
ment Section GMC, indicated no publication on this 
subject. A method employed by G. M. Etherington, 
American Brake Shoe Co. was called to the author's 
attention. This method consists of measuring the force 
required to remove a cylindrical plug from a core sand 
mixture rammed into a standard AFS tube. 


Factors Related to Stickiness 

Stickiness is related to each of the components in 
a core sand mixture and to the mechanism for blow- 
ing or ramming the core; the latter includes design 
of the core box, the material from which it is made 
and the condition of its surface. Size and location of 
blow holes and vents and the ratio of their areas 
are related to stickiness. In practice we face the pro- 
cess of elimination. Because of the wide variety of 
materials, equipment, and practices employed it is 
difficult to prescribe a stepwise procedure. 

In addition to the above factors related to stickiness, 
the problem is fundamentally complicated. A good 
core sand binder is expected to be a good adhesive, 
yet it must not stick to a core box. In theory maxi- 
mum cohesion and minimum adhesion are required. 
Since adhesion cannot be completely eliminated we 
can only look forward to reducing stickiness to a mini- 
mum. It is well known that dry sand has little tend- 


* Aristo Corporation, Detroit. 

** E. C. Zirzow, Chairman. 

+AFS Core Stickiness Sub-Committee (8-C-f): W. H. Buell, 
Chairman, A. L. Graham, J. E. Huss, T. Linabury, D. S. Mills. 


ency to stick to a dry pattern. Sand lubricated with 
kerosene has little tendency to stick to a pattern 
lubricated with kerosene. The tendency for a dry sand 
mixture to stick to a pattern wet with kerosene is ex- 
treme, In so far as materials contribute to sticking 
the problem is concerned with wetting, unbaked film 
strength, and lubricity. It is a problem in physical 
chemistry. 


Retained Sand Method 


A. L. Graham, H. W. Dietert Co., employing the 
retained sand method, obtained preliminary results 
shown in Table | and Table 2. A series of core speci- 
mens were blown by means of a core blowing machine 
into a blowability mold, Fig. 1. The sand sticking to 
the plate under the core was collected and weighed. 
In the first series, Table 1, the plate was cleaned with 
acetone before the first specimen was blown and not 
thereafter. In the second series, Table 2, the plate was 
cleaned with acetone and dried after every specimen. 
In both series retained sand was brushed from the 
plate after every specimen and the figures in the tables 
represent accumulative weights. 

Core oils no. 1 and no. 2 were commercial core oils, 


TABLE |]—STICKINESS COMPARISON OF CORE 
O1ts No. 1 ANp No. 2 








No. of Grams Retained Oil 
Specimens Core Oil No. 1 eer Core Oil No.2 
ns ea RE 
10 1.091 0.898 
15 1.784 1.597 


Sand Mixture: 2000 grams lake sand, 20 grams cereal, 50 grams 
water, and 20 grams core oil. 





TABLE 2—-EFFECT OF KEROSENE ON STICKINESS 
oF Bopiep LINSEED OIL 














No. of Grams Retained Oil 
Specimens Bodied Oil Bodied Oil—Kero (9: 1) 
5 ames 0.747 
10 4.352 2.416 


Sand Mixture: Lake sand 98%, water 2%, cereal 1% and 
core oil 1% 
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Fig. 1—Photo of blowability 
mold. 
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Fig. 2—Truncated cones, AFS standard tube and base. 


the former known to be more sticky than the latter 
in core room practice. While the differences in re- 
tained weights of sand for these oils are small, it is 
significant that differentiation by this method is 
possible. 

Parting Force Method 


The Stickiness Committee, borrowing from G. M. 
Etherington’s method, adopted two truncated cones, 
Fig. 2, to further investigate this method, namely 
measurement of the force required to part core sand 
from a pattern. The large base on either of the 
aluminum cones* is 1.25 in. in diameter; one has a 
5-degree draft, the other a 15-degree draft. The draft 
was provided on the theory that the force required to 
remove this type of plug from sand more accurately 
describes parting force than the force required to re- 
move a cylinder. Figure 3 illustrates the principle 
employed. Any suitable device may be used to remove 
the plug from rammed sand and measure the force 


required. 


-* Furnished by Process Development Section GMC. 





STICKINESS IN CorRE SAND MIXTURES 


A. L. Graham employing one of the above described 
cones, and a laboratory sand balance to measure patt- 
ing force, obtained data shown in Table 3. The cone 
was placed on the usual base provided with locaters, 
Fig. 2, and sand was rammed into the tube to produce 
a specimen 2 in. in height. Without removing the 
specimen from the tube, the cone was attached to one 
arm of a sand balance. A glass beaker and sufficient 
weights for counter balancing were attached to the 
other balance arm. Water was admitted to the beaker 
from a burette. The volume in milliliters of water 
was reported as the force in grams necessary to part 
the cone and the sand. Results obtained by ramming 
sand around the 15-degree cone are shown in Table 3. 
Accuracy of the method is satisfactory for sands C 
and D. 


TABLE 3—-COMPARISON OF PATTERN AND SAND 
Bonps UsiING DIFFERENT SANDS 








Sand A Sand B Sand C Sand D 
91 86 159 187 
127 84 160 183 
44 73 163 178 
126 68 166 172 
126 58 166 165 
110 57 159 175 


Sand A: 99% Bond sand, 1% AFS refined oil. 
Sand B: 99% AFS standard sand, 1% AFS reference oil. 
Sands C and D: Steel sands, composition unknown. 





Mitchell Dombrowski and George Abbott, Jr., 
Aristo Corp., employing the apparatus used by 
Graham, examined the effect of varying moisture 
on stickiness in a typical core sand mixture. They 
also evaluated the effect of fly ash on stickiness in 
waterless sand mixtures similar to those employed in 
the “D” process for making shell molds. These data 
are shown in Tables 4 and 5. 





Fig. 3—Photo of stickiness tester. 











W. H. BUELL 


TABLE 4—COMPARISON OF PATTERN AND SAND 
Bonps WITH VARYING MOISTURE 
Force in grams required to part sand and cone 





2% Water 3% Water 4%, Water 
5° Plug 15° Plug 5° Plug” 15° Plug 5° Plug 15° Plug 





92 91 90 95 92 98 
118 89 54 119 99 83 
91 80 92 124 122 93 
95 78 127 140 107 78 
90 76 143 124 81 93 
102 78 120 119 109 (50) 
79 72 94 96 114 78 
99 73 91 109 103 89 
102 72 90 96 116 (51) 
96 61 89 100 106 93 

Average 
96 77 99 112 105 81 


Sand Mixture: 2000 grams dry lake sand, 20 grams cereal, 20 
grams oil, water as indicated. 





TABLE 5—-EFFECT OF FLy ASH ON Bonpb 
BETWEEN WATERLESS SAND AND PATTERN 
Force in grams required to part sand and cone 





No Fly Ash 3% Fly Ash 6% Fly Ash 
5° Plug 15° Plug 5° Plug 15° Plug 5° Plug 15° Plug 





48 75 58 79 77 72 

44 72 62 87 87 68 

49 65 60 90 70 47 

45 66 64 65 80 66 

47 69 71 70 86 62 
Average 

46 69 62 78 80 63 


Sand Mixture: Shell sand, 0.50% chemical powder, 2% D- 
process oil, and fly ash as indicated. 





It is generally conceded that stickiness increases 
with moisture in typical core sand mixtures. The data 
in Table 4 appear to confirm this belief. However, 
retained sand on the pattern and smoothness of the 
core were not considered here. 





Fig. 4—Photo of gelometer. 
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Fig. 5—Photo of stickiness test mold. 


Stickiness has been one of the principal difficulties 
encountered with waterless sands employed with the 
“D” process for producing oil-bonded dry-sand shell 
molds. Fly ash has been employed as a sand addition 
to reduce stickiness. It is interesting to learn, Table 
5, that the force required to part pattern and sand in- 
creases as stickiness decreases in this type of sand 
mixture. Green strength increases with fly ash addi- 
tions up to a point where the sand becomes too dry 
to bond properly. In a similar manner green strength 
of water, cereal, and oil bond sands increases with 
increasing moisture up to a point where the cereal 
and sand are properly wetted. 

The most recent effort to measure stickiness with 
the cones is that of James E. Huss, Lauhoff Grain Co. 
After preliminary experiments with the device shown 
in Fig. 3, he adapted the gelometer, Fig. 4, as a 
mechanism for stripping the cones and simultaneously 
measuring the force required. This equipment pro- 
vides a uniform rate of increasing the load and there 
is no shock as when lead shot or water drops into the 
container. The instrument has an automatic circuit 


TABLE 6—ACTUAL ForRCE IN GRAMS REQUIRED 
To WitHpRAW Cones From Cores 








5° Cone 15° Cone 
Test Cores Rammed Cores Rammed 
No. 3 Times 5 Times 3 Times 5 Times 
l 57.6 117.6 91.2 184.0 
2 64.8 116.0 100.8 189.6 
3 62.4 119.2 107.2 172.8 
4 712 118.4 99.2 184.8 
Average 64.0 117.6 99.6 182.8 


Sand Mixture: 50-70 AFS testing sand, 1% cereal binder 
and 3% moisture. 
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breaker that shuts off the motor as the cone pulls loose 
from the core. Calibration can be readily checked. 
Huss reported that ramming is a variable unless the 
core is rammed three or more times. He also found 
that error is reduced if sand is riddled through a 
l4-in. screen. This practice was employed to obtain 
results shown in Table 6. 

The foregoing data and comments are the results 
of the initial efforts of the Stickiness Committee to 
study core sand stickiness. They are recorded here 
because of the interest shown by individuals who have 
reviewed them. If further experiments indicate these 
methods to be practical, refinements in technique and 
the accuracy of the equipment employed will certainly 
contribute to their usefulness and a better understand- 
ing of the problem. 

To date, we have made no effort to evaluate stick- 
iness by measuring or observing core smoothness. 
This method may be more practical than those dis- 
cussed above. The large number of core room super- 
visors who carry flash lights as standard equipment is 
evidence that this method is being practiced. 

In practice sand blowers are employed for a 
majority of core work. Sticking is more likely to occur 
when sand is blown as compared to hand ramming 
practice. This is especially true on areas of the core 
box where sand strikes with great force, e.g. opposite 
the blow hole. A mold, Fig. 5, suitable for use with a 
laboratory sand blower has been employed by the 


TABLE 7—CEREAL-WATER RATIO vs GREEN 
STRENGTH AND Dry STRENGTH OF CorRES 


4 


Lake : Bank Sand (3:1), 1% Core Oil 





Baked Tensile Strength 
Moisture, °% 
2.5 3.0 3.5 4.0 


0.75% Cereal 


Time & Temperature 1.5 2.0 


45 min @ 


$50F 138 157 179 204 «214 ~« 214 


75 min @ 400 F 192 212 234 244 257 264 
105 min @ 450 F 160 181 197 213 222 247 
Green Strength 0417 0.526 0.614 0.672 0.673 0.665 


Baked Tensile Strength 
Moisture, ©; 


1.25% Cereal 


Time & Temperature = 1.5 2.0 2.5 3.0 3.5 4.0 
45 min @ 350 F 90 129 179 194 218 222 
75 min @ 400 F 123 167 221 249 271 280 
105 min @ 450 F 106 151 193 220 228 240 

Green Strength 0.403 0.500 0.609 0.715 0.764 0.752 





1.25% Cereal, Baked Tensile Strength 
0.25% Southern Bentonite Moisture, °% 
Time & Temperature = 1.5 2.0 2.5 3.0 3.5 4.0 


169 180 192 








45 min @ 350 F 77 128 157 

75 min @ 400 F 95 156 188 206 215 226 
105 min @ 450 F 71 129 162 183 191 199 
Green Strength 0.741 0.793 0.865 0.928 1.045 1.117 


Baked Tensile Strength 
Moisture, ©; 


1.75% Cereal 





Time & Temperature = 1.5 2.0 2.5 3.0 3.5 4.0 
45min@350F $— 92 133 175 210 221— 
75 min @ 400 F 87 136 186 245 277 291 
105 min @ 450 F 77 126 178 209 230 250 

Green Strength 0.390 0.493 0.653 0.892 0.920 0.993 





Mulling Cycle: Dry 1 min; water, 2 min; oil 5 min; 
Sigma blade muller. 


STICKINESS IN CorRE SAND MIXTURES 


H. W. Dietert Laboratory to examine stickiness on 
different types of screen vents and on pattern sur- 
faces with emphasis on learning more about stickiness 
when different sands are blown into a mold under 
varying pressure. Blow hole and vent areas may be 
varied. 

The data shown in Tables 7 and 8 and Fig. 6 to 
l4 are self explanatory. Michigan sands were em- 
ployed and the same kind and quantity of core 
oil was used throughout. Tests were run twice and 
the figures represent an average of the values ob- 
tained. An experimental error of 1-10 Ib can be 
expected in the tensile figures from six tensile speci- 
mens. Tensile strengths of different mixtures should 
not be compared unless the core specimens are baked 
in the same oven at the same time. Each series of six 
mixtures were baked side by side so that it is correct 
to make comparisons within a single series. The green 
strength figures represent an average of six measure- 
ments which reduces the error to less than 0.05 psi. 


Stickiness Related to Other Sand Properties 


Stickiness cannot be eliminated without regard to 
other sand properties which are generally fixed within 
limits in a given core room. The foregoing data on 
cereal-water ratios is pertinent to only one of the vari- 
ables that requires constant attention. A particular 
foundry is limited to a few different kinds of sand 
unless cost is disregarded. Sands that fall in the per- 
missible price range should be studied exhaustively 
from the standpoint of blending. 

Spot tests or the comparison of one mixture with 
another rarely provides an optimum result. Curves, 
embodying all of the possible combinations within 
reasonable limits are in the final analysis the shortest 
road to learning. Curves tell us what direction to go. 


Taste 8—CEREAL-WATER RATIO vs GREEN STRENGTH 
AND Dry STRENGTH OF CorES 
Lake Sand, 1% Core Oil 





Baked Tensile Strength 


Moisture, % 
2.5 3.0 3.5 4.0 


0.75% Cereal 


Time & Temperature 1.5 2.0 
210 215 «©2383 «= 280 233) 280 
75 min @ 400 F 219 227 237 238 245 243 
105 min @ 450 F 208 215 238 238 252 247 
0.415 0.505 0.540 0.548 0.520 0.480 





15 min @ 350 F 


Green Strength 








Baked Tensile Strength 
Moisture, % 
1.5 2.0 2.5 3.0 3.5 4.0 


1.25% Cereal 


Time & Temperature 








“45 min@350F 141 181 207 219 232 298 
75min @400F 138 216 247 263 267 273 
105 min@450F 175 215 242 255 266 273 
Green Strength 0.450 0.555 0.668 0.700 0.695 0.653 





Baked Tensile Strength 
Moisture, % 
15 2.0 2.5 3.0 $5 4.0 


45 min @ 350 F 98 135 184 209 220 233 
75min @400F 135 177 295 263 278 301 
105 min@ 450F 135 180 233 260 283 291 
0.370 0590 0.730 0.850 0.895 0.880 


1.75% Cereal 


Time & Temperature 





Green Strength 





Mulling Cycle: Dry 1 min, water 2 min, oil 5 min; 
Sigma blade muller. 
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Fig. 8—Tensile strength vs cereal-water ratio with 75% 


lake sand, 25% bank sand, and 0.75% cereal. 
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Fig. 10—Tensile strength vs cereal-water ratio with 75% 
lake sand, 25% bank sand, 1.25% cereal, and 0.25% 
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Fig. 11—Tensile strength vs cereal-water ratio with 75% 
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Fig. 13—Tensile strength vs cereal-water ratio with lake 


sand and 1.25% cereal. 
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It is not so bad to be lost if we know that the 
next step we take will certainly be an improvement. 
The lack of confidence in laboratory guidance is wide 
spread. So, curves can be run with production equip- 
ment until someone can learn to interpret properly 
laboratory data. 

The man who knows everything about core sand 
practice is not around the corner. However, an im- 
provement in this category is easily within the grasp 
of a given foundry. It needs a physical chemist who 
has a fundamental knowledge of the physical proper- 
ties and behavior of matter. He must know enough 
organic chemistry to understand the chemical com- 
position of the materials available to the foundry, and 
enough metallurgy to apply the facts. If he has the 
cooperation of the foundry personnel he will soon 
have their respect. He can reduce stickiness too. 


Fig. 14—Tensile strength vs cereal-water ratio with lake 
sand and 1.75% cereal. 
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By 





THE 


ANNEALING OF BLACK-HEART MALLEABLE IRON 
A CRITICAL REVIEW 


ON 


J. E. Rehder* 


ABSTRACT 
A review and correlation is made of the metallurgical litera- 
ture dealing with effects of annealing furnace atmospheres on 
the rate of anneal of black-heart malleable iron. Results of 
both laboratory and commercial experiment are given, and 
effects are summarized for each ordinarily encountered gas. 


Introduction 


Much experimental work, under both laboratory 
and commercial operating conditions, has been done 
on the effects of various gases in the annealing fur- 
nace on the rate of anneal of black-heart malleable 
iron, and on surface decarburization and scale for- 
mation. This work, to the writer's knowledge, has 
not been correlated and as a necessary preliminary 
to further experimental work, a critical review is here 
presented. 


Effects of Various Gases on Annealing Rate 


Vacuum. Although the annealing of black-heart 
malleable iron in vacuo is probably not practical com- 
mercially, many investigators have used vacuum for 
experiments on annealing rates of white cast iron, 
since the optimum conditions are obtained of no sur- 
face oxidation or scaling, and only traces of decar- 
burization. In 1918 Diller* stated that laboratory 
tests showed that most rapid annealing of malleable 
iron takes place in a vacuum, and Valentine’? later 
patented the use of vacuum in annealing black-heart 
malleable iron. In 1930 Sawamura® showed clearly 
that annealing of white cast iron took place in vacuo 
as rapidly as in the most inert atmosphere, and that 
total loss in weight during annealing amounted to 
less than 0.02 per cent. 


Nitrogen. In 1916 Stotz! showed that a cupola white 
cast iron containing 3.18 per cent carbon lost only 0.07 
per cent carbon during a first stage anneal of 12 hr 
at 1832 F (1000 C). Sawamura® found that the use 
of a pure nitrogen atmosphere for annealing black- 
heart malleable iron of commercial origin caused a 
50 per cent increase in the time necessary for first 


*Director of Technology & Research, Canada Iron Foundries, 
Limited, Montreal, Canada. 
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stage annealing, over that necessary when an air at- 
mosphere or vacuum were used, with a carbon loss of 
0.09 per cent from 2.74 per cent carbon. However 
Huebler* found that the use of a 96 per cent nitrogen 
atmosphere produced practically the same rate of 
anneal as did a vacuum. 

Oxygen. It is frequently difficult to separate the ef- 
fects of oxygen and carbon dioxide, but when pure 
oxygen is used as an atmosphere, scaling is so severe 
that special experimental techniques must be used. 
Sawamura® showed that for iron of commercial compo- 
sition the use of pure oxygen atmosphere had no effect 
on annealing rate as such, the rate being the same 
as in vacuum. An interesting but unexplained phe- 
nomenom was found by Sawamura in that the use of 
pure oxygen atmosphere for annealing white iron 
of relatively high purity, caused an increase of anneal- 
ing time of 250 per cent over that in vacuum. 

Hydrogen, Ammonia, Methane, Water Vapor. 
Sawamura® found that for white iron of relatively 
high purity (the sum of manganese, sulphur and 
phosphorus 0.041 per cent), atmospheres of pure 
dry hydrogen or of any gas that provides free hydro- 
gen, such as ammonia, methane, or water vapor, 
cause an increase in first stage annealing time of ap- 
proximately 50 times over that in vacuum. For iron 
of normal commercial composition the increase in 
annealing time in such gases was three times that 
in vacuum. The cause of the difference is not known. 
Schwartz** stated that the presence of hydrogen in 
the furnace atmosphere retards the rate of anneal, as 
do ammonia or acetylene which decompose to give 
hydrogen. 

Golosmann”? stated that the annealing of black- 
heart malleable iron was substantially hastened by 
the use of an atmosphere of dissociated ammonia con- 
taining 15 to 20 per cent hydrogen, but this is the 
only reference found to an accelerating effect and 
the original paper is not available for inspection of 
all details of the experimental procedure. 

In a careful study in 1948 Bernstein®® showed con- 
clusively that pure hydrogen dried with extreme 
care severely inhibits graphitization, as a white cast 
iron that completed the first stage of anneal in 34 
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hr at 1742 F (950 C) in an atmosphere of pure nitro- 
gen, contained no detectable free graphite after 100 
hr at 1832 F (1000 C) in pure dry hydrogen. 

Cullen and Light*! showed experimentally that 
hydrogen is a powerful carbide stabilizer in both 
first and second stage annealing. 

Palmer** in a recent detailed study showed that 
the presence of as little as 10 per cent hydrogen in an 
annealing atmosphere decreased the number of tem- 
per carbon nodules formed. An atmosphere contain- 
ing 20 per cent hydrogen increased first stage 
annealing time by 250 per cent. Complete quantita- 
tive data were not obtained for second stage anneal- 
ing except to show for iron that annealed completely 
to ferrite in a given time in an argon atmosphere, 
100 per cent hydrogen atmosphere resulted in prac- 
tically no ferrite, 25 per cent hydrogen gave a little 
ferrite, while for 10 per cent hydrogen there was still 
a considerable amount of pearlite in the microstruc- 
ture. 


Air. Sawamura® found that the rate of anneal of 
white cast iron of commercial composition with an 
air atmosphere was the same as the rate in vacuum. 
Diller* stated that the use of oxidizing packing ma- 
terial or of oxidizing atmosphere seemed to have 
little effect on the conversion of combined carbon into 
temper carbon. Mindovsku*! claimed that the rate 
of second stage annealing was accelerated by the 
presence of oxidizing gases such as air and carbon 
dioxide, the amount of acceleration increasing with 
oxidizing power of the atmosphere. 


Carbon Monoxide—Carbon Dioxide. These two gases 
are considered together, since most of the work done 
on controlled atmospheres in annealing malleable 
iron, from both laboratory and commercial view- 
points, has concerned the effect of the ratio of these 
two gases. This is chemically necessary, of course, 
since carbon is available from the iron being annealed 
and a carbon-oxygen-iron system is involved. 

Hayes and Scott® showed that the use of carbon 
monoxide-carbon dioxide mixtures at a pressure of 
5 atmospheres accelerated the rate of anneal in the 
first stage by nearly 100 per cent, while the second 
stage of anneal was inhibited almost completely for 
cooling rates as low as 6.3 F (3.5 C) per hr. The 
composition of the atmosphere used was 80 to 85 per 
cent carbon monoxide, which is approximate equilib- 
rium with iron at the first stage soaking temperature 
used. Evans and Hayes® shortly thereafter stated that 
the use of the above atmosphere and pressure per- 
mitted completion of first stage anneal in 5 hr at 
1700 F (927 C) of a white iron containing 2.34 per 
cent carbon and 0.02 per cent silicon. 

Sawamura® showed that first stage annealing takes 
place in a pure carbon dioxide atmosphere as rapidly 
as in a vacuum, and in pure carbon monoxide the 
length of time necessary for first stage annealing is 
increased 50 to 300 per cent over that necessary in 
vacuum. The loss of carbon from the sample was 
0.44 per cent in carbon dioxide and 0.11 per cent in 
carbon monoxide. 

White and Schneidewind!* state that the carbon 
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monoxide-carbon dioxide ratio of an atmosphere dur- 
ing annealing of malleable iron has little effect on 
the rate of graphitization, but does, of course, affect 
the amount of surface oxidation and scaling. 

Schwartz** stated that mixtures of carbon monoxide 
and carbon dioxide accelerate annealing, although it 
is not clear whether this statement was based on the 
literature or on observation. 

Summary. From the above data, it would seem 
that annealing of black-heart malleable iron in a 
vacuum gives the most rapid annealing with complete 
freedom from surface deterioration. A nitrogen at- 
mosphere gives protection from surface deterioration 
and carbon loss, with possibly a small increase in 
annealing time necessary. An atmosphere of pure 
oxygen is of academic interest only, due to extreme 
scaling and decarburization, but the rate of anneal 
of commercial malleable iron is apparently unaffected. 

It is apparently unquestionable that the presence 
of free hydrogen in a furnace atmosphere, whether 
introduced as such or from the decomposition of hy- 
drogen-containing gases, greatly retards the rate of 
anneal, and an atmosphere of pure hydrogen stops 
the annealing process from a practical viewpoint. 
Apparently the intensity of effect of hydrogen in in- 
creasing annealing times, is in some proportion to 
the content of free hydrogen in the furnace atmos- 
phere. 

The effect of a pure carbon monoxide atmosphere 
on rate of anneal is apparently to retard it apprec- 
iably, but since in practice some carbon dioxide is 
almost invariably present, the important considera- 
tion is that of carbon monoxide-carbon dioxide mix- 
tures. 

The work of Hayes and Scott and of Evans and 
Hayes quoted above, on the influence of carbon mon- 
oxide-dioxide mixtures at elevated pressure, is of 
academic interest only since it is probably not econ- 
omical to use pressurized annealing furnaces in com- 
mercial malleable iron foundries. At atmospheric 
pressure, however, there apparently is not agreement 
as to the effect of carbon monoxide-dioxide mixtures 
on the rate of anneal, in spite of the fact that this 
is the most common commercial atmosphere. Mix- 
tures of carbon monoxide and carbon dioxide will, 
of course, tend to reach the equilibrium ratios in 
contact with iron at the furnace temperatures. ob- 
tained, and if on the oxidizing side of equilibrium on 
introduction, will produce scaling and decarburiza- 
tion in reaching equilibrium. 


Commercial Practices 


One of the early attempts to control furnace at- 
mospheres when annealing malleable iron commerc- 
ially was that described by Graham’ who recirculated 
flue gases from a pulverized coal fired annealing kiln 
back through the burner in order to decrease the 
free oxygen content of the furnace atmosphere. The 
oxygen content of the atmosphere was thus decreased 
to less than 1 per cent and decarburization during 
annealing was said to be materially decreased. 

Valentine! stated that the use of sealed annealing 
furnaces commercially gave excellent results with 
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respect to rate of anneal and lack of scaling and pear- 
litic rim, and described a commercial installation. 

Hruska'* in describing an installation of a gas-fired 
tunnel kiln, said that by using well-sealed pots with 
no packing material, so little decarburization was 
encountered that mechanical properties of the iron 
were not materially affected. 

A roller hearth continuous annealing furnace in 
which the castings to be annealed were carried in 
alloy steel boxes with no packing material was de- 
scribed by Bremer!+ in 1932. Heat was supplied by 
gas-fired radiant tubes and an artificially created con- 
trolled atmosphere was supplied to the furnace. An 
atmosphere containing 8 per cent carbon monoxide, 
4 per cent carbon dioxide and no free oxygen was 
used for purging the furnace of air, and the composi- 
tion of the atmosphere during first stage annealing 
was 15 per cent carbon monoxide, 5 per cent carbon 
dioxide, and no free oxygen (carbon monoxide- 
dioxide ratio 3-0:1). Another similar unit was de- 
scribed later by Bremer,’ in which the atmosphere 
at operating temperature contained 13.5 per cent car- 
bon monoxide, 6.5 per cent carbon dioxide, and no 
free oxygen (carbon monoxide-dioxide ratio 2:1:1). In 
both the above cases the atmosphere was designed to 
keep decarburization and scaling at as low level as 
possible. 

Controlled Atmosphere for Annealing 

De Coriolis and Cowan,'* in a paper on controlled 
atmospheres for annealing malleable iron, presented 
a detailed discussion of the theory and practice of 
the use of such atmospheres. It was stated that hydro- 
gen content of the atmosphere should be less than 
12 per cent and that a suitable atmosphere should 
contain 12 to 15 per cent carbon monoxide and 5 to 
7 per cent carbon dioxide (average ratio carbon mon- 
oxide-dioxide 2-3:1). Bornstein, in discussion of this 
paper, gave experimental data on atmospheres of 
various compositions and stated that compositions 
from 15 to 18 per cent carbon monoxide and 0.9 to 
3.2 per cent carbon dioxide showed little difference 
in amount of decarburization or in effect on rate of 
anneal. Note that the carbon monoxide-dioxide ratio 
is approximately 8-0:1. Bornstein considered that the 
principal effect and function of a controlled atmos- 
phere was to decrease scaling. 


Continuous Annealing of Malleable 

Bryde and Schwab" described a continuous anneal- 
ing furnace using a controlled atmosphere of compo- 
sition 13.5 per cent carbon monoxide, 6 per cent car- 
bon dioxide, no free oxygen, 3 per cent hydrogen, 
and 0.6 per cent methane in the first stage annealing 
section of the furnace. Carbon monoxide-dioxide 
ratio here was 2-3:1. 

Another continuous roller hearth furnace described 
by Ross and Fairfield'® used an atmosphere in the 
first stage annealing section containing 16 per cent 
carbon monoxide and 4 per cent carbon dioxide (a 
carbon monoxide-dioxide ratio of 4-0:1). It was stated 
that the hydrogen and water vapor content of the gas 
must be kept at a minimum by refrigerating water 
vapor out of the manufactured atmosphere before 
introduction into the furnace. 
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A patent was taken out by Cowan’® covering the 
use of hydrocarbon gases for furnace atmosphere dur- 
ing first stage annealing and using gaseous products 
of combustion for atmosphere during second stage 
annealing. 

Dow”? described and discussed various commonly 
used protective atmospheres for malleable iron anneal- 
ing, and methods for their production. Tests of the 
effects of various gases on machined and as-cast mall- 
eable iron surfaces indicated that on machined sur- 
faces, a carburizing gas slightly increased the rate of 
graphitization at the surface and decarburization was 
markedly decreased. On as-cast surfaces, a thin sub- 
surface layer showed lower graphitization rate than 
the interior of the metal regardless of the type of 
atmosphere used. 


Formation of Pearlite Rim 


In discussion of this paper, it was brought out that 
in the experiences of several discussers, the composi- 
tion and action of the furnace atmosphere was a 
minor factor in the amount and depth of pearlitic rim 
formed, except when the atmosphere was very oxidiz- 
ing and a high rate of flow was maintained. It was 
believed. that in the formation of pearlitic rim, the 
time-temperature relationships through and just under 
the critical temperature were more important than 
the effect of atmosphere composition. 

With respect to formation of pearlitic rim, it is 
the opinion of Schwartz** that the cause is oxidation 
of carbon from the surface of the iron faster than the 
carbon in the interior can diffuse outward and that 
this low carbon surface metal anneals at a slower 
rate in the second stage than does the main body of 
iron. Cowan*> subscribes to the same theory, but 
Rehder?® considers pearlitic rim formation due to 
oxidation of silicon to inactive silica in the surface 
layers, thereby decreasing the annealing rate in these 
layers. 

A brief summary of the state of knowledge of the 
subject is given by an anonymous author*+ who con- 
cludes the phenomenon to be the result of the pres- 
ence of carhide-stabilizing elements (including nitro- 
gen in solution), or decarburization, or faulty carbon- 
silicon ratio. The tendency to rim formation can 
be counteracted by the addition to the melt of a 
small amount of aluminum or boron. 

Cowan,”5 in a paper on controlled atmospheres for 
annealing malleable iron, gives diagrams and de- 
scriptions of various commercial atmosphere genera- 
tors, and includes a table of various gases and atmos- 
phere compositions considered suitable for use in 
malleable annealing furnaces. 

In a description of a commercial continuous anneal- 
ing operation, MacMillan® states that freedom from 
scaling is obtained by using an atmosphere with a 
carbon monoxide-dioxide ratio of 2:1:1, which is in- 
troduced at the exit or low temperature end of the 
furnace and is taken off at the high temperature or 
entrance end. 

In a study of decarburization and pearlitic rim 
formation Bryce et al,3* worked in commercial fur- 
naces under production conditions and varied the 
ratio of carbon monoxide to carbon dioxide as well 
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as absolute amounts of carbon dioxide and oxygen. 
Decarburization could not be completely suppressed 
with any practical carbon monoxide-dioxide ratio, 
but pearlitic rim formation was minimized at a ratio 
of 2-0:1 to 3-0:1. 

Sealed Furnaces. It is well known that during the 
annealing of black-heart malleable iron, if the fur- 
nace chamber is tightly sealed by a good muffle or 
by efficient sand seals, that the iron will create -its 
own equilibrium atmosphere by the reaction of the 
iron and carbon with the oxygen of the enclosed air 
to produce an equilibrium mixture. A small quantity 
of carbonaceous material free of hydrogen or water, 
such as charcoal or coke, if placed on top of the iron 
charge in a sealed furnace, will help to consume free 
oxygen and decrease scaling. Webster* in 1919 pat- 
ented the use of carbonaceous materials in sealed 
pots for this purpose. Many commercial users of 
large pulverized coal fired muffle kilns use the same 
technique. Box type electric annealing furnaces make 
use of the method, and Valentine! states that in 
sealed elevator type electric annealing furnaces, there 
is little scale formation and no pearlitic rim forma- 
tion. 

Salt Baths. Use of molten salt baths for annealing 
black-heart malleable iron with freedom from surface 
oxidation and scaling was presented by Valentine? 
in 1928. During the recent war large quantities of 
black-heart malleable bomb cases were annealed in 
Germany** using a conveyorized molten salt bath 
furnace. The salt composition was 90 per cent barium 
chloride and 10 per cent sodium chloride. 

Summary. Assuming that in each of the commercial 
practices described above, an acceptable product is 
being made with little or no pearlitic rim and little 
or no scaling, the range of carbon monoxide-dioxide 
ratios used with supposed success is wide, varying from 
1-9:1 to 8-0:1. In one or two cases amounts of other 
gases present, such as hydrogen, water vapor and 
methane, are given, and these will, of course, affect 
the results obtained, but in most published work com- 
plete analyses unfortunately are not given. It is diffi- 
cult then to draw conclusions on the commercial re- 
sults reported, and indeed the standard of acceptance 
of the finished product varies from plant to plant. 

It is, of course, obvious that any gas or mixture of 
gases in contact with iron at elevated temperatures 
will tend to reach chemical equilibrium at that tem- 
perature, and in the case of gases containing oxygen 
will result in decarburization and scaling if the po- 
tential is oxidizing. Under certain conditions even 
pure carbon monoxide can oxidize iron, and the 
equilibrium data for the systems iron-carbon monox- 
ide, iron-carbon dioxide and iron-water vapor are 
given by Harris.27 From these data it is seen that 
for temperatures at and below 1742 F (950 C) a car- 
bon monoxide-dioxide mixture with a ratio of about 
23:1 and higher is non-oxidizing to iron. 

Use of furnaces sealed with muffles or by sand 
seals is common, especially with electric furnaces, and 
satisfactory results with respect to both rate of anneal 
and relative freedom from scale and pearlitic rim are 
obtained. 
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Annealing in continuous salt bath furnaces has 
been proven commercially practical, and wider use of 
this method may be seen in the future. 


Conclusions 


From the literature quoted, the following conclu- 
sions seem justified: 

1. Annealing of black-heart malleable iron in vac- 
uum would give optimum metallurgical results, but 
is not at present commercially economical. 

2. Available data indicate that an atmosphere of 
pure nitrogen causes some retardation of rate of an- 
neal. 

3. At atmospheric pressure, the use of atmospheres 
with various carbon monoxide-carbide dioxide ratios 
does not affect the rate of anneal appreciably. 

4. The presence of hydrogen, or of any gas that 
will produce free hydrogen by reaction or decomposi- 
tion, will decrease the rate of anneal of black-heart 
malleable iron severely. 

5. The presence of water vapor in the atmosphere 
of a furnace annealing black-heart malleable iron 
is highly undesirable, since on reaction with the iron 
at elevated temperatures, not only is scale produced 
but free hydrogen is released which has a retarding 
effect on rate of anneal. 

6. Due to the change with temperature of the chem- 
ical equilibria involved, an atmosphere that is non- 
scaling at one temperature may actively cause scale 
formation at another temperature, and since the an- 
nealing of ferritic black-heart malleable iron involves 
the use of a range of temperatures, these facts must 
be considered in atmosphere manufacture and applica- 
tion. 

7. A commercially practicable atmosphere for an- 
nealing black-heart malleable iron would consist 
fundamentally of a carbon monoxide-carbon dioxide- 
nitrogen mixture, with the amount of carbon dioxide 
allowable dependent on temperature and chemical 
equilibrium to prevent decarburization and _ scale 
formation. Hydrogen and hydrogen-containing gases, 
especially water vapor, should be kept to the lowest 
possible amounts. 
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RESEARCH ON SHELL MOLDING 


R. G. Powell,* C. M. Adams, or.,** 


ABSTRACT 


Factors which influence resin consumption in making shell 
molds were studied by means of strength tests. Experiments 
were made with surface preparation of sand to increase bond- 
ing efficiency of the resin, and with vibration to improve pack- 
ing and so produce shell molds with less resin. Polished sections 
of shell specimens were used to study the mechanism of bonding 
and fracturing in shell molds. A theory of hydrogen bonding 
is postulated as a possible bonding mechanism between resin 
and sand. 


Introduction 


Shell molding has proved to be an important meth- 
od of preparing molds for making castings of nearly 
all engineering metals and alloys. One deterrent to 
more widespread use of shell molding in America is 
the relatively high cost of the thermosetting resin 
binders. So it seems important to find means for 
making suitable shell molds with less resin. 

The data reported herein give quantitative infor- 
mation on various factors influencing the shell mold- 
ing process, particularly resin consumption. 


Scope of Work 


In the course of this investigation attention was 
directed to the following: 


(1) Bonding efficiencies of various brands of pro- 

prietary phenolic resins. 

Effects of dwelling and curing temperature, 

and curing time upon the strength of shell 

molds. 

(3) Effects of variations in 
size of resin. 


bho 


amount and particle 


(4) Grain size and particle distribution of sand. 
(5) Cleanliness and shape of sand grains. 

(6) Mechanical packing of sand. 

(7) Nature of molding sand. 

(8) Surface treatment of silica sand. 

(9) Mechanism of bonding in shell molds. 


It was expected an appreciable reduction in resin 
consumption might result from careful control of 
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some of the above factors, and by better knowledge 
of mechanism of bonding. 


Procedure 


Small batches of sand-resin mixtures were prepared 
in a laboratory-type muller. About 0.1 per cent kero- 
sene or other dust suppressant was added to the sand, 
and the sand mulled until all lumps had disappeared 
before adding resin. The amount of resin used was 
always calculated as a percentage of total weight. 
The sand-resin mixture was mulled for a minimum 


time of 8 min. 


Fig. 1—Equipment for making strength test specimens. 
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Fig. 2—Specimens and testing machine for tensile strength 
test. 


Test specimens were made in a manner closely re- 
sembling the usual method for making shell molds. 
Figure | shows part of the equipment used. It in- 
cludes a hand dumping box approximately 12 in. 
high, 3 split metal molds, 2 sets of parallel clamps, 
and 4 hot plates. An air circulating oven with auto- 
matic temperature control served for heating the 
plates and curing the specimens. 

In operation, a split mold was assembled with 
clamps and positioned atop the dump box which 
was half filled with a sand-resin mixture; a hot plate 
from the oven was placed back of the split mold, and 
the box inverted for the required dwelling time (time 
required to build specimens approximately 54, in. 
thick); the top assemblage with the specimens was 
then placed in the oven for curing. The specimens 
were subsequently ground to 0.250 + 0.005 in. thick- 
ness for testing. Figure 2 shows sets of tensile test 
specimens before and after grinding. 

The minimum width of the tensile specimens was 
1 in., same as that of the flexural test specimens. The 
dog-bone shaped specimens were tested with a testing 
machine as shown in Fig. 2, while the specimens for 
flexural strength determination were tested on a 3- 
in. span, the load applied directly with lead shot 


TABLE 1—BONDING EFFICIENCY OF VARIOUS RESINS 








Ultimate 
Tensile Flexural 
Curing Time, Strength, Strength, 
Resin min psi psi 
1 With New Jersey Sand (AFS No. 107) 
A-l 1% 420 850 
B 214 375 740 
Cc l 350 640 
A-2 1% 510 
D 1% 280 
E l 465 
A-3 11% 445 
2. With Illinois Sand (AFS No. 153) 
A-3 ly 720 
Cc ] 590 
F ig 845 
G 2 620 
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filling a container. In general, nine specimens were 
tested to obtain an average tensile strength and three 
were used for an average flexural strength value. 

Permeability determinations were made on broken 
halves of tensile test specimens. One half of a speci- 
men was carefully sealed with wax to the end of a 
short tube, 2 cm in diameter. This arrangement was 
then sealed to a larger tube for use on a regular 
foundry sand permmeter, as illustrated in Fig. 3. 
Otherwise, the standard method for measurement of 
permeability of foundry sand was followed. The per 
cent void was calculated from the bulk density of a 
shell, determined by weighing a specimen in air, and 
in water after proper sealing of the pores. 


Results and Discussion 


A. Bonding Efficiency of Various Resins — Seven 
brands of phenol-formaldehyde resins from four man- 
ufacturers were used in this investigation. Their 
bonding efficiency was evaluated by means of strength 
tests on shell specimens, as described above. The 
amount of resin used in all cases was 6 per cent of 
the total weight, and the oven temperature was 650 F. 

Temperature measurements showed that when 
using an oven temperature of 650 F, the tempera- 
ture of the hot backing plate dropped to 530 F dur- 
ing dwelling. After placing the specimens and mold 
assemblage into the oven, the temperature of the 
plate continued to fall for about 30 sec to approxi- 
mately 450 F, where it levelled off before reheating 


Fig. 3—Specimens and testing machine for permeability 
measurement. 
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began. Actual curing temperature was over a range 
of from 450 F to 550 F. 

Maximum strengths obtained and necessary cur- 
ing times for specimens made with each resin are 
listed in Table 1. Flexural strengths were determined 
for only the first three resins studied. It appeared 
flexural strength values were about twice those of 
corresponding tensile strengths, and it was felt ten- 
sile tests alone were sufficient for evaluation. The 
results indicate existence of a wide variation in bond- 
ing efficiency of shell molding resins and the import- 
ance of choosing a proper resin for minimum resin 
consumption. The higher strength obtained with 
Illinois sand is discussed later. 

Each manufacturer has unique claims for his resins 
with regard to softening point, flow and cure rate. 
It has not been possible, thus far, to correlate with 
these data any quantitative measurements of shell 
mold properties. This is probably because manu- 
facturers’ conditions of testing (such as temperature) 
are different than those existing when making shell 
molds. 

B. Effects of Dwelling and Curing Temperature, 
and Effect of Curing Time—It was shown that true 
curing temperature is largely determined by dwell- 
ing conditions. Accordingly, it has not been possible 
to isolate dwelling and curing temperatures as single 
variables to study their effect on strengths of shell 
molds. It is probably right, however, to assume lim- 
ited variations in curing temperature have only the 
effect of changing the time required to reach com- 
plete cross linking, or maximum strength of a resin. 

Spot tests to study the effect of various dwelling 
temperatures have indicated there would be an opti- 
mum temperature for each mixture used. However, 
these tests also indicated use of optimum conditions 
for each resin, instead of a standard procedure, would 
still produce a considerable variation in bonding 
efficiency. 
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Fig. 4—Effect of curing time on strength of shell molds. 
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Fig. 5—Effect of resin content on strength of shell molds. 


The curves in Fig. 4 illustrate how strength of 
shell molds varies with curing time at a given tem- 
perature for a few of the resins tested. It should be 
noted that overcuring may appreciably decrease the 
strength of a shell mold. In general, however, the 
decrease is not so abrupt as to require extremely ac- 
curate control. For a given mixture, color can be 
used as an index of degree of curing, but it should 
be remembered that different resins and different 
sands produce properly cured shells having different 
colors, 


C. Effects of Resin Content and Resin Size—Figure 
5 shows variations of shell mold strength in terms of 
amount resin used. This study was made using three 
grades of New Jersey sand and one Illinois sand with 
resin A-2. Oven temperature was 650 F and curing 
time, 1144 min. The New Jersey sands: A-2, A-4 and 
A-6 had respectively the following AFS fineness num- 
bers: 78, 107, and 161; that of Illinois sand B-2 was 
91. 

With sand A-6, tensile strength increased linearly 
with resin content as the quantity of resin was in- 
creased from 3 to 10 per cent. An increase of about 
100 psi was obtained for a l-per cent increase of 
resin. In cases of the other sands, approximately the 
same rate of strength variation was obtained in the 
upper range of resin content, but a faster rate of 
variation occurred in the lower range. With sand 
B-2, for example, an increase of 200 psi was ob- 
tained when the resin content was increased from 3 
to 4 per cent. 

Obviously, at very low resin contents these curves 
must become asymptotic to the per cent resin axis. 
However, if they are extrapolated to zero strength 
for a rough approximation, the per cent resin axis 
is intersected between | and 2 per cent resin. This 
would mean that almost 25 per cent of the usual 
amount of resin used is consumed in coating the 
grains of sand and contributes little to the strength 
of a shell mold. In other words, in a mixture of sand 
A-4 with 1.5 per cent resin, most of this resin would 
be used to coat the sand surface, and weak bonds 
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Fig. 6—Photomicrograph (100x) of a shell mold made 

with N. J. sand A-4 and 6% resin A. The bonding resin 

is the light gray phase connecting sand grains; the matrix 

is the impregnating material used for mounting the 
specimen. 


could be established only at actual points of con- 
tact of sand grains. Additional resin would increase 
strength by increasing the width of these (contact) 
bonds and by establishing new bonds where separa- 
tion between grains is small enough. 


Microscopic Examination of Sand 


Examination of sand under a microscope at low 
magnification shows clearly sand grains in shell molds 
are coated with resin. Similarly resin bonds between 
sand grains can be observed by examining a polished 
section of shell mold at higher magnification. Pic- 
tures are shown in Figs. 6 and 7. 

According to the preceding discussion, substantial 
saving of resin might be possible if all resin present 
could be utilized in establishing bonds between sand 
grains, Resins commonly used for making shell molds 
have been pulverized to 95-100 per cent minus 200 
mesh (74 microns) and a good portion of this resin 
is extremely fine, say smaller than 10 microns. When 
the surface of sand is initially covered with this very 
fine resin, coating is necessarily produced upon melt- 
ing the resin. It was believed if coarser resin were 
used initial conditions might be such as to prevent 
surface coating of sand and, therefore, produce an 
increase in bonding efficiency. 

A quantity of resin A, ground so only 40 per cent 
passed 200 mesh was obtained from the producer. 
This was tested with sand A-2. Strength was con- 
siderably lower than when fine resin A was used, and 
the specimens had residual thermoplasticity even 
after long curing. Since, like fine resin A, the coarse 
sample was a two-step resin, an incomplete reaction 
was probably the reason for the remanent thermo- 
plasticity, and possibly the reason for lower strength. 
A two-step resin is a mixture of B-stage (thermoplas- 
tic) resin and hexamethylenetetramine. 

Small quantities of fine and coarse resin of the 
one-step type were then obtained from another pro- 
ducer. The fine resin was all minus 200 mesh and 
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the coarse sample had been sized to minus 140 plus 
200 mesh. When both resins were tested with B-2 
sand (AFS No. 91) lower strength was again obtained 
with coarser resin, even though the specimens had no 
residual thermoplasticity after normal curing. 

The latter experiment indicates that any further 
investigation on the effect of resin fineness should be 
made in the size range below 200 mesh. It is not im 
possible that a size distribution of resin, without .ex- 
tremely fine particles, would then be found to give 
much higher bonding efficiency than is obtained with 
resin of regular grind. Unfortunately, such findings 
would appear to have little practical application due 
to difficulty of size control in the range considered 
Ihe results might only be of academic interest. 

D. Effects of Grain Size and Grain Size Distribu- 
tion of Sand—As shown in Fig. 5, lower strength val- 
ues were obtained with finer New Jersey sands (A). 
This is indicative of the effect of sand fineness upon 
the strength of shell molds. A mixture of ,fine sand 
has larger surface area than one of coarse sand, and 
more resin is consumed in surface coating. 

This study was carried further with other grades 
of New Jersey sands. Mixtures were prepared with 
6 per cent resin A-2, and the conditions of dwelling 
and curing were the same as before. The results in 
Table 2 show the strength of shell molds decreases 


TABLE 2——-EFFECT OF SAND FINENESS ON STRENGTH OF 
SHELL MOLp 





Ultimate Tensile 


New Jersey Sand (FS Fineness No. Strength, psi 


\-1 61 670 
4-2 78 620 
4-3 96 560 
\-4 107 510 
A-5 127 420 
\-6 161 365 
50/50 blend A-l 111 530 
6 








Fig. 7—Photomicrograph (100x) of a shell mold made 
with zircon sand and 3.5% resin A. 
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considerably with increase in sand fineness. In line 
with this, other tests showed that additions to a sand- 
resin mixture of such fine materials as silica flour, 
zircon flour, iron oxide powder or finely divided mica 
have the effect of decreasing strength in a shell mold 
for a given resin content. 

In general, relatively fine sand must be used to 
produce castings with good surface finish. In _ prin- 
ciple, however, such fine sand is required only as 
facing sand. If a composite shell mold were made, 
such that only a small fraction of its thickness would 
be formed with a fine mixture and the remaining 
with a coarse mixture, it is seen from these data con- 
siderable saving of resin would result. 

To do this a two-compartment dumping box, where 
fine and coarse mixtures are separated, can be used. 
A trap is so arranged it closes one or the other com- 
partment. Upon first inversion of the dumping box, 


TABLE 3——-GRAIN SIZE DISTRIBUTION OF SANDS 
INVESTIGATED 








nent RS 


AFS 
Sand ©% Retention—LU. S. Sieve No. Fineness 

Designation 40 50 70 100 140 200 270 Pan No. 
N. J. A-l 09 94 446 359 80 09 O02 O1 61.5 
N. J. A-2 0.4 2.5 20.2 426 26.3 7.2 05 0.3 78.0 
N. J. A-3 0.2 5.2 38.9 37.7 132 26 22 96.3 
N. J. A-4 0.2 3.4 27.0 434 19.8 3.6 2.6 107.0 
N. J. A-5 0.2 1.9 20.0 38.8 22.3 7.1 9.6 127.0 
N. J. A-6 0.1 0.3 7.5 28.5 32.7 10.8 20.1 161.0 
50% A-1/50% A-6 O04 4.8 22.5 21.7 18.3 16.7 5.5 10.1 111.5 
l screen 95.0 5.0 102.0 
2 screen 73.0 27.0 78.0 
3 screen (A-2) 0.4 2.5 20.2 42.6 263 72 05 0.3 78.0 
3 screen 20.0 62.0 17.0 0.7 0.3 102.0 
4 screen 21.8 25.4 25.4 20.0 59 15 98.5 
4 screen 32.8 31.6 20.7 108 3.5 06 83.0 
4 screen 14.2 25.0 37.5 164 4.3 2.6 101.5 
6 screen 10.3 17.0 23.0 19.6 18.5 11.1 0.5 98.0 
Ill. B-1 0.2 2.1 40.3 43.8 113 2.1 02 66.4 
Ill. B-2 2.6 19.4 35.8 23.2 128 40 22 91.5 
Ill. B-3 12 84 15.4 19.4 22.6 11.8 21.2 153.0 
Penna. C-1 0.6 5.8 11.0 14.6 19.8 24.6 10.2 13.4 133.0 
Zircon 0.1 06 19.1 614 18.5 0.2 0.1 102.0 
Forsterite 36.4 56.6 4.2 2.8 132.0 
Chromite 0.8 28.0 59.6 62 5.4 140.0 
Zirconia 8.0 63.5 16.0 49 22 54 92.0 


)» 
Alumina 0.1 29.1 65.3 5.2 0.3 48.0 
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the fine mixture is left in contact with the pattern 
plate for a short time only. The trap is swung over 
before a second inversion and the coarse mixture is 
used to build a shell of desired thickness. A cheap, 
coarse sand can be used. Besides saving resin, the 
cheaper sand and higher mold permeability are in- 
teresting factors. 

This procedure could be extended with benefit to 
cases where expensive surface reaction inhibitors are 
used in sand-resin mixtures; where appreciable 
amounts of iron oxide powder or zircon flour is 
added to sand-resin mixtures, and resin content in- 
creased to maintain adequate strength; and when it 
is desired to use special expensive refractories like 
zircon sand, zirconia, alumina or others. 

Referring to Figs. 6 and 7 which illustrate resin 
bonds in shell molds, it can be observed better pack- 
ing of sand grains would increase strength by allow- 
ing formation of a larger number of bonds and wider 
bonds. There has been much discussion of the effect 
of grain size distribution upon packing of sand. This 
was studied and the results are reported here. 

The sands used to study effect of sand fineness were 
essentially 3-screen sands—a “screen” being a sieve 
retaining 10.0 per cent or more of the sample. When 
50 per cent sand A-1] and 50 per cent sand A-6 were 
blended, the resulting mixture had wide grain size 
distribution and an AFS fineness No. 111. This blend 
was compared with sand A-4 which had an AFS fine- 


TABLE 4—-EFFECTS OF VARIATIONS IN GRAIN SIZE 
DISTRIBUTION 





Ultimate 
Tensile 


AFS Permeability Strength, 

Distribution _ Fineness No. No. % Void psi 

1 screen 102 128 47.2 486 

3 screen 102 125 45.0 436 

4 screen 101.5 110 43.2 488 

4 screen* 98.5 128 41.8 (580) 
6 screen 98 120 41.0 464 

2 screen 78 200 44.0 610 

3 screen 78 180 43.1 610 

4 screen 83 175 42.2 608 

* This blend had about the same amount of sand on each of 


the four screens. 
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Fig. 8—Cumulative curves of 
New Jersey sands. 
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CUMULATIVE CURVES 
OF SOME MIXTURES PREPARED 
WITH NEW JERSEY SANDS 


Fig. 9—Cumulative curves of 
some mixtures prepared with 
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ness No. 107 and narrow distribution. Tensile Screen analyses of these sands are in Table 3. The 


strengths obtained with the two sands were not much 
different as shown in Table 2. The screen analysis 
of these sands are given in Table 3. 

The investigation was continued from a stock of 
New Jersey sand which was sized and thereafter 
blended carefully to obtain mixtures of desired fine- 
ness and grain size distribution. These special sands 
were mixed with 6 per cent resin A-3. Tensile 
strength, permeability, and void volume were de- 
termined on the same specimens. Screen analyses of 
the sands are included in Table 3, and results pre- 
sented in Table 4. Cumulative distribution curves 
for some of the sands are shown in Figs. 8, 9 and 10. 

A small decrease of permeability and void volume 
resulted as the size distribution was widened, indicat- 
ing that slightly better packing is obtained. The 
sensitivity of permeability to variations in sand fine- 
ness should be noted. In general, however, variations 
in grain size distribution have little effect on the 
strength of shell molds. Only in the case of a 4- 
screen sand having an equal amount of sand on each 
of the four screens, was there a substantial increase 
in strength; this result is interesting but has not 
beer checked further to date. 


Another investigation on effect of grain size dis- 
tribution in foundry sand has led to the following 
theory: a four-screen sand of proper distribution fa- 
vors geometrical arrangement of grains or formation 
of “colonies” under action of mulling; these colonies 
would impart rigidity and stability to a mass of 
sand.' Since there is no real mulling action in the 
preparation of a shell molding mixture even when 
sand and resin are mixed in a muller, the theory 
would not apply in this case. 


E. Effects of Cleanliness and Shape of Sand — 
Stronger shell molds were produced when made with 
white silica sands, such as sands B-3 and C-1 from 
Illinois and Pennsylvania, although these sands were 
finer and more angular than New Jersey sands. The 
strengths obtained when using 6 per cent resin A-2 
with those two sands are compared in Table 5 with 
the strength of a shell made with the same amount 
of the same resin and with New Jersey sand A-5. 


clean white sands had wider grain size distributions 
than the New Jersey sand, but grain size distribution 
was shown to have no measurable effect on strengths 
of shell molds. 

Another experiment was made to measure the im- 
portance of sand cleanliness. A special blend of New 
Jersey sand containing no finer material than 200 
mesh was divided into two equal parts; one half was 
thoroughly cleaned in boiling hydrochloric acid, 
rinsed several times with distilled water and dried, 
while half was untreated. With 6 per cent resin A-3, 
the results shown in Table 5 were obtained. All these 
data indicate cleanliness of sand is a very important 
factor influencing resin consumption. 








TABLE 5—-EFFECTS OF SAND CLEANLINESS 
Ultimate 
Tensile 
Strength 
Sand AFS Fineness No.  (% Void) psi 
N. J. A-5 127 445 
Penna. C-1 133 534 
Ill. B-3 153 500 
Blend-O (no treatment) 67 41.6 600 
Blend-O (HCI cleaned) 67 41.5 750 





The blend considered in the preceding paragraph 
had been prepared to have exactly the same screen 
analysis as sand B-1, a clean, round sand from Illin- 
ois. The New Jersey sand, used for the blend was 
subangular in shape and a comparison between the 
acid cleaned blend and the round sand showed the 
effect of angularity of sand grains upon strengths of 
shell molds. Higher strength was obtained with sand 
B-1 due to smaller surface area and better packing of 
this round sand. 

The effects of grain shape were also studied using 
zircon sand which has well-rounded grains. This 
sand is considerably more dense (4.64 gr/cc) than 
silica (2.65); for comparative data the addition of 
resin calculated as weight per cent must be done ac- 
cording to the inverse ratio of the densities. Another 
blend of New Jersey silica sand was prepared to have 
the same screen analysis as zircon sand; 6 per cent 
resin A-3 was mixed with this sand while 3.4 per 
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Fig. 10—Cumulative curves 
of some sands investigated. 
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cent only was added to the zircon sand. Results are 
given in Table 6. 


‘TABLE 6—-EFFECT’OF SAND GRAIN SHAPE 








Ultimate 

Tensile 

Strength, 
Sand % Void psi 
N. J. blend-O 41.6 750 
Ill. B-1 37.0 800 
N. J.-blend Z 45.0 436 
Zircon (as-received) 36.0 300 
Zircon (heat-cleaned) 37.0 935 


100 
PARTICLE SIZE, MICRONS 


in strength was not obtained by precoating finer 
sands, but the specimens were as strong as when 
made from corresponding mixtures. Table 7 shows 
the use of vibration during dwelling almost doubles 
the strength of shell specimens. This is obviously due 
to better packing of the sand. 


TABLE 7—EFFECT OF VIBRATION PACKING ON STRENGTH 
OF SHELL MOLDs 








The combined effect of spherical shape and high 
density upon packing was apparent for zircon sand, 
but there was no increase in strength when the sand 
was used as-received. In this state, zircon sand was 
strongly water repellent and this was found to be due 
to oleic acid on its surface, Great increase in strength 
was obtained after the sand had been heat treated to 
vaporize the oleic acid. If thoroughly clean silica 
sand had been used for comparison with zircon sand, 
the strength might have been 575-600 psi. This would 
still make a difference of more than 300 psi to be 
accounted for by smaller surface area and better pack- 
ing of zircon sand; and, perhaps, greater affinity of 
this sand for resin. 


F. Mechanical Packing of Sand—Vibration is often 
used to obtain better packing of particulate materi- 
als. However, if it were used with sand-resin mix- 
tures for making shell molds, gross segregation would 
occur. It was necessary to prepare sands coated with 
resin to study the effect of vibration (during dwell- 
ing) upon mold strength. This was done by dissolv- 
ing resin A in acetone and adding it gradually to the 
sand during mulling. The sand was mulled until 
acetone evaporated to dryness. With the equipment 
used, a maximum of 3.5 per cent resin could be added 
to the surface of sand in this manner. Above this 
amount excessive lumping occurred. 

When specimens were prepared in the usual man- 
ner (without vibration), those made with precoated 
New Jersey A-4 sand were stronger than those made 
with the corresponding sand-resin mixture. Increase 





Dumping Vibration 

Ultimate Ultimate 

Tensile Tensile 

% Resin A Strength, Strength, 
Sand in Acetone psi psi 
N. J. A-4 3.5 $50 610 
N. J. A-6 3.5 130 215 
Ill. B-3 3.5 165 350 





A proprietary resin-coated sand, with about 5.0 per 
cent phenolic resin on its surface, was also tested. A 
strength of 700 psi was obtained when specimens 
were made in the usual manner. Vibration during 
dwelling increased the strength to 900 psi. 

Pressing would be another mechanical means of 
packing sand, provided pressure is not applied on too 
thick a layer of sand, A uniform layer of resin-coated 
sand could be blown over the pattern plate under a 
contoured pressing die, and pressure applied during 
dwelling. It should be noted that better packing of 
sand might result in a saving of up to 50 per cent of 
resin. Under pressure, the effect of grain shape and 
grain size distribution of sand is likely to prove more 
important than when the sand is simply dumped over 
the pattern plate. 


G. Various Molding Refractories — Besides zircon 
sand and silica, other refractories were investigated 
for performance in making shell molds; these in- 
cluded forsterite, chromite, zirconia and alumina. 
These refractories were mixed with various amounts 
of resin A in proportion to density and fineness. The 
quantity of resin used with each sand is listed in 
Table 8 with the values obtained for tensile strength, 
Data for silica sand shell molds are also presented 
for comparison. None of the other molding refrac- 
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Fig. 11—Photomicrograph (100x) of a fractured shell 
mold made with zircon sand. Picture shows bond breaks 
at surface of sand grain. 


tories investigated yielded stronger shells than those 

made with silica sands. Screen analyses of these re- 

fractories are given in Table 3. 

TABLE 8—TENSILE STRENGTH OF SHELL MOLps MADE 
WITH VARIOUS MOLDING REFRACTORIES 














Ultimate 
Tensile 

AFS Strength, 
Sand Density Fineness No. % Resin psi 
N. J. A-5 2.65 127 6.0 376 
Forsterite 3.36 132 4.8 302 
Chromite 3.95 140 4.0 346 
N. J. A-3 2.65 96 6.0 560 
Zircon 4.64 102 3.4 935 
Zirconia 5.73 92 2.8 470 
Alumina 3.94 48 3.6 400 





H. Surface Treatment of Silica Sand—Figure 11 is 
a photomicrograph of a fractured shell mold speci- 
men. It can be seen clearly the break takes place at 
the interface between resin and sand. This corre- 
lates well with the fact that sand cleanliness was a 
most important factor influencing strengths of shell 
molds. From this it seems better adhesion between 
resin and sand should be sought before trying to in- 
crease resin. strength. 

One approach to improving resin-sand adhesion is 
to favorably alter surface conditions of the sand. Pos- 
sibly this surface could be etched or pitted with a 
strong chemical reagent for a better grip of the resin; 
the surface could be coated with a substance which 
would adhere to sand better than resin does, and to 
which resin would adhere better than to sand; or, a 
substance couid be found which would simply pro- 
mote the affinity of resin for sand. This adhesion 
promoter could be put on the surface of the sand or 
added to the mixture. Investigations were made of 
these possibilities; the results of this work are sum- 
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marized in Table 9 and Table 10. Thus far results 
have not proved particularly encouraging. 


TABLE 9—-EFFECT OF SURFACE TREATMENTS OF THE 




















SAND 

Ultimate 

Tensile 

Resin Strength, 
Sand Treatment Added, °% psi 
N. J. A-5 ee 6 resin A, 380 
NaOH in water + cure 360 
Sodium silicate 4+. HCl + cure ‘ 340 
N. J. A-4 5 resin A, 140 
‘ 0.5% resin A, in acetone 2.5 resin A, 170 
0.5% X-63 in toluene 5 resin A, 100 
Vinyltrichlorosilane ro 85 
Vinyltrichlorosilane + cure " 145 
N. J. A-4 6 resin A $50 
Sodium silicate + cure "s 360 
Ethyl silicate + HCl + cure ; 485 
N. J. A-4 t resin C, 140 
Ethyl silicate 4+ HCl + cure 2 325 
Ethyl silicate + HCl + Zr flour , 290 

+ cure 
Ill. B-1 6 resin A 800 
sa Pyrobond adhesive in acetone 2 715 
0.5% GS-1 in toluene + cure ” 350 
Ferric oxide in linseed oil e 540 
+ cure 

Ill. B-2 3 resin C, 310 
- Ethyl silicate + HCl + cure 4 300 
Ethyl silicate 4+. HCl + Zr flour vs 220 


+ cure 





GS-1 and X-63 are two silicon resins used respec- 
tively for sizing and laminating glass cloth. Vinyltri- 
chlorosilane has also been used as a sizing agent on 
the same material. Good results have been reported 


TABLE 10—-EFFECT OF FOREIGN SUBSTANCES ON 
RESIN-SAND ADHESION 























Ultimate 
Tensile 
Strength, 
Sand Substances Added % Resin psi 
N. J. A-4 6A; 450 
3 1% Manganese dioxide—in * 460 
mixture 
N. J. A-5 6A, 380 
? Ferric oxide suspension in ai 380 
water + cure 
Lead acetate water solution - 370 
+ cure 
Potassium sulfide water solu- . 400 
tion + cure 
Ill. B-1 6 A, 800 
’ Ferric oxalate water solution ‘s 590 
+ cure 
Ferric oxide suspension in " 600 
water + cure 
Ill. B-3 6 C, 560 
“ 0.5% Potassium borofluorate ij 500 
— mixture 
1.5% Potassium borofluorate gs 575 
— mixture 
0.5% Ammonium borofluorate “ 500 
— mixture 
Ill. B-3 4C, 485 
. Chromic oxide in acetone o 430 
solution of resin 
Sodium dichromate in acetone ° 375 


solution of resin 
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when the sizing compounds were used with polyester 
resins. When used with phenol resins perhaps bet- 
ter results than above would be obtained if a small 
amount of aluminum chloride was mixed with the 
phenol resin. The presence of this aluminum chlor- 
ide has been found? to permit linkage of vinyl group 
to benzene ring. 


I. Bonding Mechanism in Shell Mold — A more 
fundamental approach to improving resin-sand ad- 
hesion is to first make a study of the bonding mechan- 
ism between the two materials and then determine 
how to promote the particular type bonding found to 
operate. 

Evidence that surface contamination may be most 
detrimental to bonding efficiency of adhesives is drawn 
from the fact that adhesive makers always specify 
only freshly cleaned surfaces should be joined, How- 
ever, the fundamental mechanism of adhesion is still 
not well understood. The so-called “mechanical” 
theory of adhesion, advanced by Clark® in 1926, to the 
effect that “adhesion is a mechanical solidification of 
gel around and upon minute fibers’ seems inade- 
quate and has been questioned by several research- 
ers. Certainly there must be some sort of interaction 
between the molecules of adhesive and those of solid. 
How could such molecular interaction be explained 
in the special case of resin and sand? 

The concept of bond is largely that of the chemist 
who generally distinguishes between chemical and 
physical bonds. He defines a chemical bond as a 
bond between two atoms or groups of atoms, such as 
to lead to the formation of an aggregate with suffi- 
cient stability to be considered as an independent 
molecular species. A physical bond is considered a 
bond formed between atoms or molecules when the 
bonded units do not form recognizable chemical com- 
pounds. 

In the light of these two definitions and in view 
of the large stability of silica, the possibility of chem- 
ical bonds between resin and sand can be eliminated. 
As regards physical bonds they comprise two main 
types; (1) the van der Waals, and (2) hydrogen 
bonds which can be defined as follows. The van der 
Waals bond results from an equilibrium position of 
the molecules at which the attractive forces are bal- 
anced by the characteristic repulsive forces between 
atoms due to interpenetration of their electron shells. 
The hydrogen bond,*> as the name implies, is a 
bond formed when, under certain conditions, an atom 
of hydrogen is attracted by rather strong forces to 
two atoms, instead of only one. 

The van der Waals forces always lead to very weak 
bonds of the kind met in physical adsorption. This 
type bond is obviously not the controlling type be- 
tween resin and sand in shell molds, although it may 
account for the wetting of molten resin on sand. 
In fact, the phenol alcohol molecules in the molten 
resin®:? have permanent dipoles located in their hy- 
droxyl group. These are attracted by the large num- 
ber of small dipoles also present at the surface of sand 
grains and the molecules of resin next to this sur- 
face must assume an oriented position, To one ac- 
quainted with the principles of mineral flotation this 
is understandable. 
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The fact resin-coated sand grains are nonwettable 
by water is also explained by preferred orientation 
of resin molecules at the resin-air interface. The 
hydrocarbon part of the molecule is nonpolar and has 
affinity for air, but not for water. If a lump of resin 
were melted and “set” on clean silica glass and the 
two separated, it would be found the surface of resin 
in contact with glass is wettable by water and the 
surface in contact with air nonwettable. 

This polar attraction between liquid resin and 
silica sand is electrostatic in nature and only a special 
case of van der Waals forces. It cannot account for 
the rather strong adhesion of set resin to sand in shell 
molds. However, the existing conditions at the time 
of formation of the new bonds are now clear: phenol 
hydroxyl groups are in contact with oxygen atoms 
on the surface of the silica sand. 


Formation of Hydrogen Bond 

One condition for formation of hydrogen bond is 
the hydrogen atoms must be located between two 
strongly electronegative atoms such as fluorine, oxy- 
gen, nitrogen or chlorine.‘ This condition is ful- 
filled at the sand-resin interface and perhaps hydro- 
gen bonding is the bonding mechanism in shell molds. 

Generally, however, hydrogen bonds are relatively 
weak. Pauling* mentions that “because of its small 
bond energy and the small activation energy in- 
volved in its formation and rupture, the hydrogen 
bond is especially suited to play a part in reactions 
occurring at normal temperatures.”” Several examples 
of hydrogen bonding are given which are all liquids 
and low melting solids; but this does not rule out 
the possibility of hydrogen bonding in shell molds. 

As a matter of fact, water and ice are both con- 
sidered to have hydrogen bonds, and certainly ice 
exhibits cohesive forces at least of the same order as 
shell molds. The effects of solidification or crystal- 
lization upon the strength of hydrogen bonds have 
not been studied in detail and are perhaps great. 
Furthermore, cases are known of adsorption where 
application of heat increases the strength of adhesion 
enough to render the process irreversible. This was 
called chemisorption or activated adsorption. Simil- 
arly the heat which is used in making shell molds 
could have a large activation effect on hydrogen bond- 
ing. It thus seems reasonable to postulate a theory 
of hydrogen bonding in shell mold. 


Factors Influencing Strength of Molds 


According to the proposed theory, the number and 
the specific strength of hydrogen bonds are two fac- 
tors which can now influence the strength of shell 
molds. It has been shown sand surface contamina- 
tion may decrease this strength considerably. It prob- 
ably does so by decreasing the number of sites avail- 
able for hydrogen bonding. Different refractories can 
also allow more or less extensive hydrogen bonding 
according to their nature and crystal habits in the 
same manner as this influences physical adsorption. 

Pauling has shown the strength of a hydrogen 
bond is a function of the distance between the two 
bonded atoms, as influenced by the electronegativity 
of these atoms and by steric hindrance. This may ex- 
plain why clean zircon sand produces a stronger shell 
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and why addition of impurities to resin generally de- 
creases the strength of shell molds. Possibly viscosity 
and gelation time of resin could also influence the 
extent to which preferred orientation of the resin 
molecules takes place at the surface of the sand. 

The experimental work to prove this theory of 
hydrogen bonding in shell molds is not complete and 
the theory should be considered only a postulate. It 
is felt, however, that the theory holds great promise. 


Summary and Conclusions 


1. It was shown wide variation in bonding effi- 
ciency exists among the several proprietary phenolic 
resins sold for shell molding. Therefore, the judicious 
choice of a resin brand may result in substantial sav- 
ing of binder. 

2. Proper curing of shell molds is important for 
developing maximum bonding efficiency of a resin. 
Determination of optimum curing times for a given 
mixture, under controlled conditions of temperature, 
will prevent wasteful use of binder. 

3. Surface coating sand consumes a substantial 
amount of binder which contributes little to the 
strength of shell molds. Since finer sands have more 
surface area and so consume more resin, the coarsest 
sand which still produces satisfactory surfaces on cast- 
ings should be used. 

4. Within limits tested to date grain size distribu- 
tion of sand has little effect on the strength of shell 
molds. However, for a given coarseness of sand, bet- 
ter surface finish may be obtained on castings, using 
sand with wide distribution of particles. 

5. A very important factor influencing resin con- 
sumption is cleanliness of sand. Saving resin may not 
always offset the higher cost of cleaner sands, but 
use of only a small amount of binder may prove 
critical in some applications. 

6. Angularity of sand grains contributes to binder 
consumption (1) by increasing surface area coated 
wastefully with resin, and (2) by decreasing density 
of sand packing in shell molds. This suggests sand 
with well-rounded grains is desirable for shell mold- 
ing. 

7. Preliminary results indicate resin consumption 
might possibly be reduced as much as 50 per cent by 
special methods of mechanical packing; vibration dur- 
ing the dwelling period, or pressure are examples. At 
any rate results were interesting enough to warrant 
further work along this line. 

8. Fracture of shells was found to occur at the in- 
terface between resin and sand, indicating better ad- 
hesion of resin to sand should be sought as a pri- 
mary means for reducing resin consumption. 

9. Clean zircon sand yields much stronger shell 
molds than silica sand, apparently due to higher af- 
finity of resin for zircon. Further study of the reasons 
for this may determine how to improve bonding effi- 
ciency of resin to silica sand. 


10. Hydrogen bonding has been postulated as a 


possible mechanism of bonding in shell molds. Fac- 
tors influencing intensity of hydrogen bonding being 
known, work can be done to test the theory and per- 
haps bring about important developments in the 
shell molding process. 
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DISCUSSION 


Chairman: C. E. Mappick, Massey-Harris Co., Ltd., Brantford, 
Ont., Canada. 

Co-Chairman: C. W. SCHWENN, Brillion Iron Works, Inc., 
Brillion, Wis. 

Secretary: R. G. Reirr, Ford Motor Co., Dearborn, Mich. 

R. A. Rape:' This concerns Fig. 4 of the paper. We found 
that in plotting the curve of the coated sands, they approach 
one peak at 14 to 1 minute cure, then dropped 20-50 psi 
tensile at 114 minutes cure. At about 2 minutes cure they 
reached a maximum and then dropped off again as in the 
authors’ curve. 

Ray OLson (Written Discussion):* We are attempting to dis- 
cuss this paper as non-technical, practical foundrymen. 

1. It would seem economical to check all sources of clean, 
washed and dried, silica sand, to determine the best combina- 
tion of wide screen spread and grain shapes. A little extra 
spent for sand may save a great deal more in resin costs. 

2. Many foundrymen have found that some care should be 
exercised in the selection of a type of resin, differentiating in 
the rate of flow. Some types of patterns with deep, narrow 
recesses require a longer flow resin to permit the cavity to pack 
before the resin in the mix tends to harden. The shorter flow 
resins, of course, tend to cure somewhat faster and eject from 
the pattern in a rigid condition. 

3. There is a definite need for some authoritative informa- 
tion on the effect that the degree of cure of a shell mold has 
upon its rate of gas disbursement when molten metal is intro- 
duced into the casting cavity. It is our feeling that this degree 
of cure should vary somewhat for different classes of metals. 

4. We should all watch with interest the improved techniques 
becoming available for sand cleaning or reclaiming. With a 
comparatively inexpensive sand reclaiming unit, the more ex- 
pensive materials, such as zircon, could well prove to be the 
least costly to use. 

5. This paper has dealt with the problem of reducing the 
cost of material used in shell molds. Many avenues of study 
are opened up in the direction of reduced percentages of 


1 General Motors Corp. Process Development Section, Detroit. 
2 Sales Manager, Shell Process, Inc., Chicopee, Mass. 





m 


pr 
wl 
tic 
sh 
th 
mi 


thi 


wo 
pr 
vel 
on 
of 

de 
ru! 
bu 


of 


Sar 


pa 








R. G. Powe.i, C. M. ADAMs, JR. AND H. F. Taytor 


phenolic resin used without loss of shell strength. We feel 
that some thought also should be given to the possible use 
of resin extenders. These extenders may help reduce the cost 
to a much greater degree than they tend to reduce the adhesive 
properties. 

6. Summarizing our comments, we feel as follows: with re- 
duced percentages of lower-cost resin or binder; a practical 
reclaiming system for our best choice of silica, zircon, olivine, 
or other refractory material; and a suitable mechanized means 
of making and assembling shells for pouring will permit the 
shell molding process to reduce costs for foundrymen and 
casting users alike. 

E. I. Vatyt (Written Discussion):* These comments are pri- 
marily intended to convey gratification at the scope and extent 
of the research on shellmolding carried on by the authors, and 
also as an encouragement to continue these efforts. 

It will be appreciated if the authors will comment on the 
following points that suggest themselves to this reader of their 
paper: 

1. The paper deals exclusively with bonding of sand as it 
manifests itself at room temperature. From the tensile behavior 
of bonded sand at room temperature, conclusions are drawn 
as to increasing economy of the process insofar as bonding 
is concerned and as to performance of the molding operation. 

It strikes this reader that such conclusions and such emphasis 
can be misleading, particularly at this early stage of the art; 
some of the factors that improve tensile strength of sand-resin 
aggregates at room temperature may actually serve to impede 
the bond strength at elevated temperature on which rests per- 
formance of the mold at its ultimate functional point, namely, 
in casting. 

In keeping with this approach, for example, the paper con- 
cludes from results shown in Tables 2 and 4 that no significant 
gain can be achieved by selecting sands on the basis of grain 
size distribution, all other things being equal. Considering only 
the reported tensile tests, this is more or less borne out, but 
the conclusion misses the point when applied to the ultimate 
result: Tendency for burn-in, gross surface defects and general 
surface finish are markedly affected by grain size distribution. 
And while Table 4, for example, would imply that it is of 
minor importance whether the l-screen sand is used or the 
6-screen sand, this is assuredly not so where a casting has to 
be produced. 

The authors’ comment is requested on this reader’s proposi- 
tion that tensile testing be recognized as no more than a tool 
of inspection of sand or sand-resin blend and that conclusions 
be drawn from it only in specific relation to past performance 
of similar sands; in other words, the tensile test is a tool 
similar to hardness testing in metals and the foundryman 
should be cautioned not to attribute to tensile test results any 
ability to indicate trends in processing value of a brand new 
blend of sand, etc. 

2. It is observed that the authors used dust suppressants, 
primarily kerosene, in all their test blends. It is questioned 
what purpose might have been served by so doing. The addi- 
tion of dust suppressants is definitely not representative of 
shellmolding practice as known to the largest practitioners of 
the art. It has been found to spoil the flowability of the 
mix-strength of the mold at room temperature and value of 
the mold during pouring. 

3. A more detailed description of the blending procedure 
would be appreciated in view of the fact that the blending 
procedure influences the properties referred to in this paper 
very strongly. The temperature during the blending cycle is 
one extremely important factor, the other is the uniformity 
of blend established, which can be tested, for example, by 
determining the ignition loss of the blend. Did the authors 
run controls to check the actual resin content and resin distri- 
bution in a given blend against the nominal resin content? 


4. Figure 5 conveys the impression that a substantial amount 
of the resin in a dry blend is wasted and the interpretation 
is offered that this waste is attributable to the coating of the 
sand grains with the resin, presumably as the first step of the 
pattern coating or perhaps even during mulling. If this were 
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so, a blend containing, say, about 114 to 2 per cent resin should 
have no strength at all. That this does not hold true can be 
checked by experiment. To be sure, the strength levels are of 
no practical importance but experiments with extremely low 
resin content did indicate cohesion. Since the strengths and 
slopes obtained in such tests cannot be brought into agreement 
with the author's theory of wasted resin, the authors are asked 
whether a slightly different slope in the curves of Fig. 5 might 
not be inside the limits of experimental error in the particu- 
lar tests. 

If the experimental error was small and, therefore, the curves 
accurate, then the loss in bonding efficiency at low resin con- 
tents must have occurred during mulling, which would indicate 
that the mulling or dry blending conditions were faulty. 


5. On the subject of dwelling and curing temperatures, the 
reader would like to emphasize that curing actually progresses 
substantially during the coating dwell. While curing ovens 
are often-times operated at high temperature, this does not 
mean that the shell can be cured beyond a certain point. Ex- 
posure to too high a temperature will degrade the resin, i.e., 
weaken the shell rather than strengthen it by further curing 
the resin. It is known that the methylene bridges which hold 
the phenol formaldehyde molecules together split around 300 C 
(572 F). Since the temperature of the authors’ curing oven was 
above this critical temperature, the question is raised whether 
the curing temperature in the authors’ experiments was not 
perhaps too close to the point of degradation. 


6. The paper offers suggestions to save bonding resin through 
a double coating procedure where fine surface finish is de- 
sired. This procedure has actually been tried and is perfectly 
workable. The reason for it not being used, however, is the 
recognition of the fact that fine surface finish does not call 
for particularly fine grades of sand. Instead, a certain mini- 
mum of fines in the blend is required in order to produce 
castings with good finish. This amount of fines as well as the 
addition of iron oxide, zirconia, and the like, does not neces- 
Sitate increase of the resin content since all that such increase 
would produce is the boosting of room temperature strength 
of shells, which serves no purpose past the point where the 
molds are subject to mechanical damage. Increasing the 
strength in such instances will not improve the surface finish 
of the castings. A sand such as, for example, the authors’ 4- 
screen sand with an AFS fineness No. 101.5, as given in Table 
4, with the addition of approximately 5 per cent silica flour, 
would produce every bit as good a surface finish as New 
Jersey Sand A-6, even if the resin content of a blend made 
with the latter was to be increased to a point where the ulti- 
mate tensile strength equals that of the 4-screen sand. 


7. The paper offers the suggestion that resin economy of the 
blend might be improved by introducing mechanical means 
to pack, such as pressing, vibration, and the like. In practice 
the limits of such procedures are rather narrow when it comes 
to the production of a complex mold. It is questionable 
whether these mechanical means of improving packing are 
worth the trouble. With increased complexity of patterns 
there is great danger of bridging anyway and mechanical pres- 
sure increases this danger. Vibration has been tried but no 
improvement in surface finish of castings is known to this 
reader to have resulted as a consequence of vibration. In 
fact, vibration may tend to move fines away from the pattern. 


8. Reference is made to experiments using coarser resin 
than usually supplied by the manufacturer. While the results 
of experiments along these lines did not produce the result 
initially anticipated by the authors, a word of comment might 
be said about the underlying concept: 

One important aspect of shell-forming has not been touched 
upon in this paper, namely the surface active properties of 
the novolac and of the gradually forming cross-linked resin. 
In the beginning there are present solid particles of silica, 
novolac and hexa. In order to utilize the resin effectively for 
bonding, one needs a novolac that wets the sand well, rather 
than a resin that tends to melt into separate globules. After 
wetting of the sand and distribution of the resin by way of 
a preliminary coating, the resin becomes subject to capillary 
forces in narrow passages between sand particles and thus it 
commences to form bridges from one sand particle to the next. 
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For such progressive bridging to take place, the most important 
property of the resin appears to be that of flow. The forma- 
tion of a maximum number of bridges under the action of 
the capillary forces and before the resin sets up rigidly, is 
important in the efficient utilization of the resin. Therefore, 
we feel, efficient utilization of the resin would not be helped 
any if large discreet islands of resin were placed in widely 
separated islands, removing resin from contact possibilities 
with a substantial surface of the sand. Thus, the reader 
would not expect advantages to be gained from the use of 
large particle size resin. 

9. The authors’ comments with regard to hydrogen bond- 
ing are interesting. The reader has thought along similar 
lines and would like to offer his amplifications and modifica- 
tions. 

The authors postulate hydrogen bonds to exist between 
silica and phenol formaldehyde in the cured shell (they cite 
the strength of ice as proof that hydrogen bonds can produce 
structures of considerable cohesion). However, hydrogen bonds 
rarely exist at elevated temperature. It is quite plausible that 
hydrogen bonds should exist between phenol alcohols and 
-OH groups of the silica surface, but it is likely that these 
hydrogen bonds play an important role only in resin coating 
of the sand and, therefore, only during the initial stages of 
the coating dwell. It is reasonable to assume that during 
later stages of the coating cycle and during the curing cycle, 
pairs of -OH groups situated close to each other would split 
off water, creating oxygen bridges which would then link the 
resin and silica surface with a primary valence bond. The 
proofs presented, such as in Fig. 11, will not disprove this 
assumption since the density of these oxygen links must be 
less than the density of cross links within the cured resin and, 
in addition, the Si-O-C bond is presumably weaker than the 
ether link; therefore, rupture of the aggregate along the resin- 
silica interface would still be expected. 

The postulated hydrogen bonding, as it affects the forming 
of sand-resin aggregates, may be the explanation for the ob- 
served fact that novolac wets clean silica excellently. In fact, 
it is hard to find anything that will improve this excellent 
wetting or perhaps even act as a coupling agent, paralleling 
the coupling action of siloxanes between polyester resins and 
glass fibers. It is believed that the above may explain the 
lack of improvement obtained in the respective experiments. 

Mr. Taytor (Authors’ Comments on E. I. Valyi’s Discussion): 
1. In the first place, it must be recalled that this paper is con- 
cerned with one aspect of the shell molding process: resin 
consumption. The factors considered are, therefore, studied 
essentially from this point of view. 

Although tensile testing was found the most useful tool in 
this study, it is not intended to suggest tensile testing as the 
sole indicator of the value of a shell molding mixture. Ob- 
viously, the usefulness of a molding material must be evaluated 
with regard to quality of products as well as economy of use. 
The point of the article is only to show that various factors 
influence resin consumption and economy may be realized by 
careful control of these factors (assuming quality of products). 

Nevertheless, the value of strength tests at room temperature 
must not be underestimated. The authors believe that mold 
strength as it manifests itself at room temperature is all im- 
portant because it influences the entire process of conventional 
shell molding. Ejection, handling, coupling, and casting, espec- 
ially when molds are not backed up, all have requirement for 
mechanical strength of same nature as can be measured at room 
temperature. 

At elevated temperature, the residue of carbon left between 
sand grains after complete charring of resin apparently has 
some bonding value in compression, but it has nearly none in 
tension. In almost every practical case the load on the walls 
of a shell mold filled with liquid metal is flexural, since only 
with ideal back-up would the walls be in pure compression. 
This flexural load must be resisted by tensile strength in the 
outer part of the shell as well as compressive strength in its 
inner part. The bond which provides tensile strength is un- 
charred on partially charred resin; thus it is the same as, 
or residual of, the bond, the strength of which is measured 
by tensile testing at room temperature. 
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It is incorrect to state “The paper concludes from results 
shown in Tables 2 and 4 that no significant gain can be 
achieved by selecting sands on the basis of grain size distribu- 
tion, all other things being equal.” Against this alleged con- 
clusion the objection is raised by Dr. Valyi that “Tendency for 
burn-in, gross surface defects, and general surface finish are 
markedly affected by grain size distribution.” Conclusion 4 
of the paper happens to be as follows: “Within limits tested 
to date grain size distribution of sand has little effect on 
strength of shell molds. However, for a given coarseness of 
sand better surface finish may be obtained on castings using 
sand with wide distribution of particles.” 

2. Since the use of dust suppressant was part of the standard 
procedure of this investigation, it would not change its con- 
clusions which are based on relative values. Actually, deter- 
mination of the effect of dust suppressant on shell mold 
strength was a preliminary step to the investigation. Too large 
a quantity of it was found harmful to quality of a shell mold- 
ing mixture. In the amount used in these experiments, how- 
ever, it was found beneficial to mold strength. The gain of 
strength due to suppression of resin loss during mixing more 
than compensated the decrease caused by this amount of sup- 
pressant. Of course, no dust suppressant is needed where special 
equipment eliminates the dusting problem, as is presumably 
the case with those known to Dr. Valyi as “largest practitioners 
of the art.” 

3. Mixing an 8-lb batch of sand and resin for 20 min in 
the laboratory muller used in this study produces an increase 
of less than 10 F above room temperature. Total mulling time, 
before and after addition of resin, was never more than 15 min. 
Such a small raise of temperature as may have been produced 
in each experiment is not believed to have had any pronounced 
effects on the strength properties measured, considering that 
“two-stage” resins have a fair degree of stability at room tem- 
perature. 

The authors did not run controls to check the actual resin 
content in a given blend against the nominal resin content, 
but it could be readily observed that dust loss was largely re- 
duced by dust suppressant. Uniform distribution of resin in 
a given blend could be ascertained by good reproducibility of 
tensile strength values over nine test specimens. 

4. Again, a false conclusion is drawn from Fig. 5 to the effect 
that “a blend containing about 114 to 2 per cent resin should 
have no strength at all.” To be sure, there is no need for 
further experiment to prove this is wrong. Figure 5 shows 
clearly the weakest blend studied would have a tensile strength 
of about 20 psi at 114 per cent resin, and the other blends 
would have higher strength at same resin content. Moreover, 
data are actually plotted in the same Figure showing that sands 
A-2 and B-6 with 2 per cent resin produce mold strengths of 
100 and 130 psi. 

5. The authors present six curves in Fig. 5 to show that over- 
curing may appreciably decrease the strength of a shell mold. 
They well understand, as implied in section B, that overcuring 
may be produced by short exposure at high temperature as 
well as longer exposure at lower temperature. The reason that 
curing ovens are oftentimes operated at high temperature is 
not to further cure the resin but to shorten the curing cycle. 
The authors have clearly differentiated between oven tempera- 
ture and actual curing temperature range, which is below oven 
temperature due to time lag in heating of cold shell to tempera- 
ture of curing oven. 


6. With regard to resin content of shell molding mixtures, in 
no instance have the authors suggested increasing resin content 
for better surface finish. They would rather urge using a mini- 
mum of it not only for economical reason but also for the fact 
that resin is not a refractory material. It must be realized, 
however, that a certain amount of resin binder is necessary to 
develop required mold strength if a casting is to be produced at 
all. 

Enough resin must be used to permit shell ejection and hand- 
ling. Yet, a mold may not be strong enough for casting as dis- 
cussed in part 1 of these comments. Although some level of 
bulk strength can be reached by increasing mold thickness, 1t 
is often more practical to increase its specific strength by using 
a little more resin in the mixture. It goes without saying that 
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strength requirement of shell molds 1s a function of several 
factors such as nature of metal cast, pouring temperature, size 
and shape of casting, method of pouring, and techniques of 
joining and backing molds. 

In conclusion 3 of the paper, it is recognized that satisfactory 
surface finish may be obtained in some cases using sands which 
are not particularly fine. However, it is generally agreed that 
within limits finer sands produce smoother surface finish; this 
is particularly true with metal of high fluidity. The use of 
composite shell molds has been tested with several metals since 
the paper was written. Indeed, it seems the procedure could 
be used with advantages in most cases. 

7. The authors do not understand clearly how mechanical 
pressure, applied in the manner described in the paper, would 
increase danger of bridging. Concerning use of vibration, it 
is objected that “no improvement in surface finish of cast- 
ings is known to the reader to have resulted as a consequence 
of vibration.” If the same degree of surface finish was obtained, 
the authors’ suggestion still stands because they have not sug- 
gested vibration for improving surface finish but for saving 
resin. It should be remembered also that they emphasize using 
resin-coated sand with these mechanical means of packing. 
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8. The underlying concept of the authors’ experiments with 
coarser resin than usually supplied by the manufacturer is much 
distorted in Dr. Valyi’s discussion. In fact, the idea is not so 
much to use “large particle size resin,” as to use a resin with- 
out extremely fine particles. This is the point emphasized in 
the paper. In other words, the question is whether or not pre- 
liminary and complete coating of sand grains is necessary fot 
the resin to be subjected to capillary forces and drawn to 
closest points of approach between the grains where it estab- 
lishes bonds. For example, one can completely wet the tips 
of his thumb and index finger with water, approach the two 
fingers so they nearly touch, and form an image of the resin 
bond between sand grains. He can also just place a drop of 
water in one finger without wetting it entirely, and by ap 
proaching the other finger, form a bigger bond with same 
quantity of water. 


9. Hydrogen bonding between silica sand and phenol-formal 
dehyde resin in cured shell molds is, at this stage, only a 
postulate. It is plausible that Dr. Valyi’s modification is in the 


right direction. Only the future will tell. 








PRINCIPLES OF EFFECTIVE MAINTENANCE FOR FOUNDRY 
VENTILATION AND DUST COLLECTING SYSTEMS 


By 


Kenneth M. Smith* 


An adequate scheduled maintenance program for 
foundry ventilation and dust collecting systems will 
pay for itself by preventing production time losses. 

Effective maintenance of ventilation and dust col- 
lecting systems is more easily accomplished if two 
rules are followed. 

1. Always provide for the convenient installation, 
cleaning, and removal for maintenance purposes of 
any system part. 

2. Establish a routine procedure for the observa- 
tion and care by competent persons of all existing 
ventilation and dust collecting systems. 


Provide for Convenience of Maintenance Men 


Provision for convenient maintenance begins on 
the drawing board. The system designer and the sys- 
tem installation craftsmen should all provide for the 
eventual removal of system parts which may wear out 
or be damaged by other equipment. Extra heavy con- 
struction should be used for those parts normally 
exposed to the greatest wear or mechanical abuse. 

Adequate service catwalks, platforms, and ladders 
should be installed to provide for worker safety, con- 
venient equipment operation, and convenient equip- 
ment maintenance. For example, the permanent in- 
stallation of a simple monorail beam or bridge crane 
will speed up both the original installation of the 
equipment and future maintenance work on the fan 
and motor of any system. 


Provide Adequate Information for Maintenance Men 


A data book should be made up for each ventilation 
or dust collecting system. This data book should in- 
clude (1) actual system operating data such as fan 
speed, motor load in amperes, air inlet and outlet 
velocities and volumes, and suction and _ pressure 
readings at various points in the system, (2) complete 
name plate data and detailed ordering descriptions 
of all equipment, (3) parts lists and spare parts refer- 
ence drawings including commercial description of 
such things as bearings, belts, sprockets, and sheaves, 


* Foundry Engineer, Caterpillar Tractor Co., Peoria, III. 
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(4) copies of all construction drawings and sketches, 
and (5) a complete index of all information in the 
book. 

At least one copy of the book should always be 
available to maintenance craftsmen. A master copy of 
this data book should be kept in the Plant Engineer- 
ing Department so it will not be lost in shop use. 

It is helpful to have such information as fan speed, 
V-belt size, system number, and suction data stamped 
on a metal tag mounted on each fan or at system 
checking points. The system number is especially 
useful when fans are installed above the roof, and the 
attached duct system cannot readily be identified. 


Simple Air Flow Checking System 


A convenient indication of the general operating 
condition of a dust collector system is given by the 
pressure drop from the inlet to the outlet of the dust 
collector. A similar indication for ventilation systems 
condition is given by the suction and pressure readings 
at the fan inlet and discharge or at any other con- 
venient point of the ventilation system. 

Accurate air flow instruments should be used for 
the initial adjustment of an exhaust or ventilation 
system. Routine checks of system performance can 
then be made with the simple U-tube shown in Fig. 
1 by drilling 14-in. holes (1) in the ducts attached to 
the inlet and outlet of dust collectors, (2) in the inlet 
and outlet ducts of fans, (3) in the ducts attached to 
exhaust hoods, and (4) in ducts upstream of dampers. 
As soon as a system is properly adjusted, pressure 
readings at each hole should be taken with the simple 
U-tube and recorded. If the U-tube reading fluctuates 
erratically, turbulence is present inside the duct, and 
another hole location should be tried. If these holes 
are drilled in duct elbows they should be located in 
the side or back of the elbow, but not in the inside 
radius where turbulence is apt to be present. 

With these test holes system performance can 
readily be checked at any time. Since many types of 
dust collectors have an increasing pressure drop be- 
tween shakedown cycles, the maximum allowable 
pressure drop and the minimum allowable collector 
inlet suction should be determined and marked at 
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Fig. 1—Simple U-tube for check- 
ing system performance. 














the test holes. Normal operating range test readings 
should be marked at all test holes for convenient 
checking of system operation. Pressure duct test holes 
can be equipped with test cocks as shown in Fig. I. 
A permanently installed U-tube is a convenient 
method of measuring pressure drop across a dust col- 
lector if the U-tube and its connections are properly 
maintained. 


Construction of Exhaust Hoods 


Foundry exhaust hoods should be built to with- 
stand vibration, impact, erosion, and corrosion. Hood 
panels should be constructed of not less than 16-gage 
metal and have angle iron flanges and adequate en- 
trance doors to provide flexibility for maintenance 
operations as shown by the hood in Fig. 2. Hoods 
should be reinforced to prevent impact damage from 
floor level operations. 





Fig. 2—Shakeout exhaust hood with built-in maintenance 
provisions. 





Fig. 3—Heavy duty side exhaust hood for shakeout. 


Crane serviced shakeout hoods should be built of 
Y4-in. plate with bumper rails to protect the hood 
inlet. Sheet metal hood entrance slots will not stand 
up under impact, but 3-in. pipes or steel plates prop- 
erly welded into a substantial structural steel frame 
should give good results as shown in Fig. 3. 

The intake faces and interiors of exhaust hoods 
serving mold pouring, cooling, and break-apart sta- 
tions should be cleaned regularly to reduce the fire 
hazard from soot and core oil resin deposits. Sand 
mixer exhaust systems also need regular cleaning and 
inspection for corroded ducts. 


Construction of Duct Work 


All ducts should be constructed with flanged joints 
for easy installation and maintenance replacement. 
Various parts of duct systems subject to abrasive wear 
can be equipped with removable wear sections as 
illustrated by the elbow construction shown in Fig. 
4. Duct areas most subject to abrasive wear are backs 
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of elbows, transitions, and main ducts opposite branch 
inlets. Long runs of round duct can be rotated a part 
turn several times to secure the maximum duct life 
in abrasive service. Welded rather than riveted con- 
struction should be used for abrasive dust handling 
ducts to eliminate duct collapse from eroded rivet 
heads. Small primary separators at tumbling mill 
connections will reduce the abrasion and plugging 
of such ducts. 








Fig. 4—Elbow for heavy duty abrasive service. 


All duct systems should be provided with an 
adequate number of inspection and cleanout open- 
ings. For large ducts these openings should be large 
enough for a man to enter, and they are especially 
useful on both sides of fans. 

Where duct dampers are needed, use sturdy dampers 
and pivot rods, and heavy-duty quadrants which 
should always be installed with the control arm 
parallel to the damper. When the air flow in a system 
has been properly balanced, the damper control arm 
should be locked in the proper position and the 
damper quadrant clearly marked with the proper 
control arm position. Slide dampers should be locked 
in position by a bolt or rivet. Otherwise, incorrect 
damper settings will creep into exhaust systems, and 
overventilation of some hoods may cause unnecessary 
pickup of fine materials while other hoods will be 
underventilated. 

Ducts subject to severe corrosion should be coated 
with asphaltic, plastic, or rubber-base paints. 


Maintenance of Fans 


Most fan troubles result from three basic causes: 

1. Dirt buildup on fan impeller or fan housings. 

2. Abrasive cutting of fan impeller or fan housings. 

3. Indifferent care of fan drive and bearings. 

While vibration may also seem to be a primary 
cause of fan failure, vibration itself is the result of 
one of the above causes unless the fan was damaged 
when installed. 

Prevention of fan troubles follows the pattern of 
the above three basic causes of fan troubles. First, 
study the source of any materials which may build 
up on fan surfaces or abrade fan surfaces. Can any 
changes be made in the exhaust system to reduce the 
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amount of troublemaking material carried through 
the fan? 

Next, consider the type of fan which is causing 
trouble. Centrifugal fans with multi-blade squirrel- 
cage impellers as shown in Fig. 5 are not suitable for 
foundry exhaust systems. The narrow curved blades 
collect dirt too readily for reliable system operation. 
Dirt buildup will not remain uniform on all blades, 
and the fan will soon vibrate. These fans should be 
replaced by wide blade backward inclined or radial 
blade centrifugal fans. Figure 6 shows a backward 
inclined blade impeller for a centrifugal fan. 





Fig. 5—Multiblade squirrel Fig. 6—Backward inclined 
wide blade non-overloading 
centrifugal fan impeller. 


cage centrifugal fan 
impeller. 


Class IV centrifugal fans should be used because 
of the more rugged construction of the fan housing, 
fan impeller, fan shaft, and bearings. Use an overhung 
fan pulley for convenient belt replacement. Always 
provide a rigid structural steel platform when con- 
crete foundations cannot be used. 

Fans should have adequate service doors built into 
the fan itself or into the ducts on one or both sides 
of the fan to provide for convenient inspection, 
cleaning, and repair of the fan. All service doors 
should be equipped with sturdy clamps and effective 
seals. 

All centrifugal fans should be inspected regularly 
for the effects of abrasive wear or corrosion. On the 
impellers watch carefully for the appearance of eroded 
rivet and bolt heads, and for cutting of the blades 
next to the rear impeller disc. Steel impellers can be 
repaired by welding on wear or patch plates if the 
impeller is carefully balanced afterward. 

It is helpful to have all patches the same weight 
before installation. Balancing is easily done by adding 
arc weld beads to the patches. Make all patches in a 
uniform pattern both radially and lengthwise of the 
impeller since the patches at different distances from 
one end of the impeller may balance on the balancing 
rolls, but the impeller will try to wobble when the 
fan is run at operating speed. 

Floor plate or diamond plate makes an excellent 
material for resisting abrasive wear when it is installed 
with the diamonds exposed to the abrasive air stream. 
This method can be applied to ducts and frequently 
to centrifugal fan housings and impellers. Moist or 
sticky materials in the air stream may create unde- 








sl 
fa 
in 
th 


ul 
tr 


ru 
qt 


Fi; 


mc 


ing 
to 
are 
of 














K. M. SMITH 


159 





FAN DISCHARGE 
FAN IMPELLOR 
ALTERNATE FAN 

DISCHARGE POSITIONS 


Pest oe 




















a- 5 














COUNTER CLOCKWISE ROTATION FAN ARRANGEMENT 





Fig. 7—Correct direction of rota-. 
tion for centrifugal fans. 


CLOCKWISE ROTATION FAN ARRANGEMENT 











sirable cleaning problems on the diamond plate sur- 
face. 

On systems with dust collectors the fan should be 
installed on the outlet side of the dust collector for 
the best fan life. 

All mechanics and electricians should thoroughly 
understand the correct direction of rotation of cen- 
trifugal and propeller fans, as shown in Figs. 7 and 8. 
Unfortunately most fans will discharge some air when 
running backwards so air movement is not an ade- 
quate test for correct fan rotation. 
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Fig. 8—Correct direction of rotation for propeller fans. 





V-belts on fan drives should be kept tight, and 
motors should have take-up bases. When a belt in a 
multiple belt drive breaks, all the belts should be 
changed at the earliest fan shut-down period. Belts 
in a multiple V-belt drive should have a matching 
number variation of not more than two. These match- 
ing numbers are stamped on the bolts in addition 
to the belt-size number. When unmatched V-belts 
are used, some of the belts will not carry their share 
of load, leading to premature failure of the drive. 

Foundry fans should be equipped with heavy-duty 


grease-lubricated ball or roller-bearing units having 
excellent grease seals. Commercial bearing units are 
available for rebuilding or replacement purposes on 
most centrifugal fans. On centrifugal fans, one bearing 
unit should be of the expansion type. Ring-oiled or 
grease-lubricated babbit bearings are too easily con- 
taminated with abrasive dusts in foundry installa- 
tions. Ball or roller-bearing units should be greased 
on a regular schedule, but they should not be over- 
greased. Overgreasing causes bearings to run hot, and 
sometimes the hot bearings will bind enough to cause 
failure. Greasing once a month is usually adequate 
for centrifugal fan bearings. Most propeller fan bear- 
ings should be greased more frequently because the 
grease may drain away from the top bearing of pro- 
peller fans mounted in a vertical position. 

All foundry motors should be of the totally enclosed 
or totally enclosed fan-cooled type with grease-lubri- 
cated ball bearings. Greasing should be done at regu 
lar intervals recommended by the motor manu- 
facturer. The air passages through the motor housing 
should be blown out occasionally to prevent motor 
overheating. Always use ample sized motors, and glass 
tape motor insulation is a good investment. Open 
type motors should be replaced by totally enclosed 
fan-cooled types whenever the open type motor wind- 
ings fail. 

Dust Collectors 


There are two general classes of foundry dust col- 
lectors as follows: 

A. Dry collectors which collect dust in the dry state 
and from which the collected dust is generally dis- 
posed of in the dry state. The various types of dry 
dust collectors include the vertical cloth tube collec- 
tor Fig. 9, the flat cloth screen collector Fig. 10, the 
felt tube collector Fig. 11, the single cyclone collector 
Fig. 12, the multiple cyclone collector Fig. 13, and the 
dry rotary centrifugal collector Fig. 14. 

B. Wet collectors which collect dust by wetting it 
with water and which discharge the collected dust 
as a sludge or as a moist solid. The types of wet dust 
collectors include the wet cyclone collector Fig. 15, 
the wet rotary centrifugal collector Fig. 16, and the 
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Fig. 9—Vertical cloth tube dry dust collector. 
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Fig. 10—Flat cloth screen dry dust collector. 


turbulent water bath collector Figs. 17 and 18. 

There are three general rules for the proper main- 
tenance of all dust collectors: 

1. Have a definite schedule for removing the col- 
lected material from the dust collector hoppers. 

2. Inspect all parts of the dust collector on a definite 
schedule. 

3. Do not neglect to clean or make the proper re- 
pairs to the dust collector when the regular inspection 
indicates the need of repairs or cleaning. 

When the hoppers of dry type dust collectors are 
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Fig. 11—Felt tube dry dust 
collector. 
(Right) 
Fig. 12—Single cyclone dry 
dust collector. 


Fig. 13—Multiple cyclone Fig. 14—Rotary centrifugal 
dry dust collector. dry dust collector. 


not emptied regularly, the collected dust may pile up 
to the point where it will be recirculated within the 
collector thus causing undue localized wear. In the 
case of the dry cyclone, the dust will be carried 
through the collector if the hopper is too full of col- 
lected dust. 

If the collected material is not removed from wet 
collectors often enough, sludge will build up on the 
collector surfaces and will also be carried into the 
fan where it will cause vibration troubles. 


Cloth Type Dry Dust Collectors 


Items to check in a routine inspection of cloth type 
collectors are: 

1. Cloth tubes for dust leakage or holes in cloth. 

2. Complete rapping mechanism including the in- 
dividual rapping hooks or cranks to detect lack of 
adequate shaking action. 
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Fig. 16—Rotary centrifugal 
wet dust collector. 


(Left) 
Fig. 15—Wet cyclone dust 
collector. 
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Fig. 17—Turbulent water 
bath dust collector. 


Fig. 18—-Turbulent water 
bath dust collector. 


3. Dust blow-back mechanism for fabric cleaning 
where such designs are used for continuous collector 
cleaning. 

1. Baffle plates for unusual wear or holes. 

5. Spark screens for plugging or wear. 
6. Hoppers for undue wear or dirt build-up. 
7. Hopper valves for leakage or defective operation. 

8. Fan as described under fan maintenance. 

Cloth collector fabric leakage checks should be 
made from the clean air side of the dust collector 
because dust leaks usually reveal themselves by stain- 
ing of the tubes or envelopes or by dust accumula- 
tions near the leak. When the fan is installed on the 
clean air side of the dust collector, a worn fan im- 
pellor or casing indicates gross neglect of fabric main- 
tenance. Ordinarily a set of cloth tubes or envelopes 
should last several years of 24-hr/day operation. 

To prevent premature wearing or tearing of cloth 
envelopes they should not be stretched too tightly 
when assembled into the collector. Cloth tubes should 
not be under tension during any part of the shaker 
mechanism stroke. 

All cloth tubes and filter fabrics for foundry dust 
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collectors should be given a flame-proofing treatment 
because of the widespread use of welding for con- 
struction and maintenance work. 

Cloth collectors of the types shown in Figs. 9 and 
10 should be rapped or shaken down regularly with 
the fan turned off. Since a shakedown every 8 hours 
is usually enough, lunch periods provide an excellent 
time for shakedowns. An automatic timed relay is 
useful for operating the shaking device for a set time 
whenever the fan is turned off. 

The pressure drop through a cloth collector should 
not be more than 4 in. of water just before the 
shakedown cycle. If the pressure drop is more than 4 
in., the collector should be shaken down more fre- 
quently. If the pressure drop is still more than 4 in. 
after a thorough shakedown, the shaker mechanism 
is defective, or the collector cloth pores are plugged 
by sticky materials or from moisture in the air pass- 
ing through the collector. 


Felt Tube Dust Collectors 


A distinguishing feature of the felt tube dust 
collector Fig. 11, is the air jet cleaning rings which 
encircle each felt tube. These cleaning rings travel 
up and down the felt tubes intermittently or con- 
tinuously as required by the pressure drop across the 
collector. A permanently installed U-tube should be 
provided on this type of collector. An unusual change 
in the pressure drop across the collector indicates the 
need for a check of the collector. A pressure drop in- 
crease usually indicates something wrong with the 
tube cleaning air jet traverse mechanism or with the 
air jet supply. 

The felt tube collector should be given routine 
inspection listed under cloth type dry dust collector. 


Dry Cyclone and Multiple Cyclone Collectors 

Since most foundry dusts are abrasive in character, 
cyclone collectors, Fig. 12, or semi-cyclone skimmer 
precleaners sometimes used in series with other types 
of dust collectors should be of rugged construction 
with added wear plates or rubber liners in areas sub- 
ject to the greatest wear. Bolted flange construction 
expedites erection and repair operations. Cyclones 
serving sawdust exhaust systems need not be as 
heavily constructed as for other foundry dusts. 

Multiple cyclones, Fig. 13, should have their out- 
let tubes tightly sealed into the header sheet to pre- 
vent dust from bypassing the cyclones. The type of 
multiple cyclone shown in Fig. 13 in which short 
multivaned swirl rings impart the whirling motion to 
the air stream should be protected against paper, rags, 
or wood scraps by using 34-in. mesh round-wire screens 
at the duct inlets. When necessary, chains can be sus- 
pended in the center of the individual small cyclones 
to keep them relatively clear of deposited materials. 

The dust storage hoppers for all types of cyclones 
should be emptied regularly to prevent the collected 
dust from being carried through the cyclone. 


Rotary Centrifugal Dry Dust Collectors 


Rotary centrifugal dry dust collectors, Fig. 14, com- 
bine the dust separator and fan into a singie unit. 
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These units should have wear liners in the dust con- 
veying housing which is on the rear side of the 
impeller. For many foundry applications, a skimmer 
precleaner, also with wear plates, should be provided 
ahead of the fan inlet. 

Empty the dust storage hopper regularly so the 
collected dust will not be carried back through the 
impeller. 

Be sure the dust storage hopper is vented back to 
the collector. 

Inspect the impeller and wear liners at six-month 
intervals. If the tips of the impeller blades wear off, 
make arrangements to return the entire impeller to 
the manufacturer for reblading. 


Wet Type Dust Collectors 

While the wet type dust collector provides a non- 
hazardous collected material discharge, the collector 
and its material-handling equipment must be properly 
maintained to prevent undue wear, corrosion, or ma- 
terial build-up. 

All collector surfaces in contact with water or moist 
air should be coated with a high quality water resis- 
tant, abrasion resistant, and rust preventive coating. 
These coatings may be paints, rubber, sprayed plastics, 
automobile undercoating materials, or bituminous- 
base materials, depending upon the severity of the 
exposure, Sheet rubber can be applied to areas subject 
to severe abrasion. Since a material build-up tends to 
take place slowly on the internal surfaces of wet col- 
lectors, these surfaces should be carefully cleaned and 
the protective coatings repaired once a year. Material 
which can be dislodged by flushing should be removed 
at more frequent intervals. The wet collector should 
be repainted inside and outside every five years. 

The wet cyclone collectors, Fig. 15, must be sup- 
plied with an adequate flow of clean water. A fresh 
water supply reduces the maintenance cleaning of the 
collector,: but in many localities fresh water is too 
expensive. Where a water recirculation system is used, 
adequate settling tanks must be provided in keeping 
with the equipment manufacturers specifications. 

The fan of a wet cyclone collector should not be 
run unless water is flowing through the collector. 
When the collector is being shut down, the water 
should be allowed to flow through the collector for 
a half-hour after the fan has been turned off in order 
to adequately flush the collector. 

The collector should be checked throughout at 
three-month intervals for unusual accumulations of 
materials. The collector should be thoroughly cleaned 
at least once a year. 

When spray nozzles are used in the collector, they 
should be checked for plugging at least once a year. 


Sludge Settling Tanks 


Proper operation of sludge settling tanks is essential. 
Do not try to completely fill the settling chambers 
of dewatering tanks with sludge. In order to provide 
a low water velocity across the tank, small tanks 
should not be filled over half full of sludge, and large 
tanks should not be filled over two-thirds full before 
switching to a clean settling tank. Silt should be 
removed from the bottom of the clean water chamber 
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at regular intervals. Not over 7 in. of sludge should 
be allowed to accumulate in the bottom of wet col- 
lectors with manually cleaned sludge settling tanks. 

Sludge settling tanks with drag chain sludge con- 
veyors are built as separate assemblies or as integral 
parts of dust collectors, as shown in Figs. 16 and 17. 
These sludge conveyors should be equipped with an 
automatic timer which will run the conveyor for at 
least 45 min after the fan is turned off in order to 
remove sludge which may harden in the bottom of the 
tank during a weekend shutdown: In any case, the 
bottom of the tank should be constructed of 14-in. 
steel plate, and in some cases replaceable chain guides 
are desirable. 

Pumps for handling water from sludge settling 
tanks should be of the type designed for handling 
abrasive materials. A regular schedule should be de- 
veloped for replacing the pumps liners and impellers 
so that the pump casing will not be worn through. 


Wet Rotary Centrifugal Collector 

The wet rotary centrifugal collector, Fig. 16, is 
similar to the dry type, Fig. 14, with the addition of 
a wet pre-cleaner and a water spray at the impeller 
inlet. Clean water should be supplied to the spray 
nozzles. The impeller spray nozzle should produce 
a symmetrical pattern to adequately flush the impel- 
ler, All nozzles should be checked periodically for 
plugging or wear. 

The drain pipe connected to the collector air out- 
let should be checked periodically for plugging. A 
plugged drain may cause the formation of a water 
trap, which in turn may reduce the volume of air 
handled by the collector. 

Sludge ejector equipment and collector surfaces 
should be maintained as outlined in the sections on 
sludge settling tanks and on wet type dust collectors. 


Turbulent Water Bath Collectors 

Turbulent water bath collectors, Figs. 17 and 18, 
use baffles to force the air to travel through the water 
bath. These baffles and the moisture eliminator plates 
should be checked regularly for dirt build-up. 

A high pressure water jet with an ample length of 
hose should be provided for periodically washing 
down most wet collectors. 

When baffles are removable for cleaning, they must 
be replaced correctly. When the moisture eliminators 
are replaced, the hooked lips should face against the 
air flow. 

The water overflow should always be kept open to 
prevent too high a water level which will reduce 
the air capacity of the collector. The water level regu- 
lation devices should be kept in good condition to 
prevent unnecessary water wastage or inefficient col- 
lector operation if the water level is too low. 
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MACHINABILITY AND MICROSTRUCTURE OF CAST IRONS 


By 


E. A. Loria* 


ABSTRACT 


Correlation of gray iron microstructure with machinability 
results is made from a metallographic study of specimens sub- 
jected to two unique lathe turning test procedures. The first 
method evaluates the machinabil&ly of individually cast, Y-in. 
thick rings of 9-in. OD and 7-in. ID on the basis of carbide 
tool wear after 1/16-in. deep cuts across the I-in. faces at 
commercial speeds. 

Since the microstructure of cast iron is quite sensitive to 
variations in rate of cooling, the outer skin of castings is 
usually less easily machined than the interior and most respon- 
sible for tool wear. The second method evaluates the machin- 
ability of individually cast 1.2 in. diam. bars on the basis 
of the feed resulting from a fixed pressure on the high speed 
cutting tool. Tests on premachined 1.0-in. concentric rounds 
produced specimens of different machining quality which cut 
at different rates, for constant surface speed, when a fixed 
lateral pressure was applied to the tool. 

Metallographic study of the test specimens showed that 
microstructure is a criterion of machinability and the follow- 
ing conclusions were reached from the correlation. The pres- 
ence of about 5 per cent free carbide in a given graphite— 
pearlite distribution decreases drastically both tool life and 
constant-pressure machinability. Toul life and constant-pressure 
rating increase as the graphite-pearlite distribution becomes 
coarser. 

The form and disposition of the graphite in some of the 
test specimens had a definite effect on the machining behavior. 
Where the graphite was relatively unaltered but the lamellar 
pearlite spacing was varied from fine to coarse, the machin- 
ability was affected beneficially. Where either occurred in a 
pearlite matrix, the presence of relatively large ferrite grains 
adjacent to Type A flakes was superior to very small ferrite 
grains associated with Type B graphite. Both the difference 
in grain and flake size and the more uniform structure of 
the former are responsible. 

Alloying cast iron produced little, if any, primary ferrite 
and refined the pearlite matrix as a whole. The presence of 
nickel had a beneficial effect on tool life, white chromium- 
molybdenum additions reduced tool life by virtue of their 
carbide stabilizing effects. The tests showed the machinability 
of high phosphorus irons compared favorably with low phos- 
phorus irons; the presence of 5 per cent steadite in the micro- 
structure had no adverse effect on machinability. 


Introduction 


The ability of cast iron to be readily machined is 
of great importance for castings are often chosen or 
rejected because they do or do not fit machinability 
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requirements. In different types of machining such 
as turning, drilling, reaming, and milling, different 
iron microstructures may stand in different orders. 
Moreover, the chief criterion of machinability may 
be the speed with which the iron can be machined, 
the life of the cutting tool, or the quality of the finish; 
all these enter into the total cost which is the ultimate 
criterion. 

Wide differences in behavior on machining can 
be detected and described, but smaller differences 
such as those between irons that may belong to the 
same so-called “free machining’’ class may be more 
difficult to appraise. However, well controlled turning 
tests that have been developed recently have increased 
materially the ability to measure machinability from 
such a standpoint. This paper will present a correla- 
tion of a wide variety of cupola iron microstructures 
with machinability data obtained by two new test 
methods and extends the information provided by 
the work of Field and Stansbury! and the Air Force 
Report? on the subject. 

Of the several different criteria for machining per- 
formance of any material, tool wear is often con- 
sidered of most importance as a basis to predict per- 
formance in the shop. Also, in any free-cutting ma- 
terial, the feed, or the distance of tool advance per 
spindle revolution, is an important measurement 
which is sensitive to small differences in machinability. 

The two lathe test methods that were developed 
are based on these criteria. The first method evaluates 
the machinability of individually cast, thin-section 
rings on the basis of tool wear after light cuts at 
commercial speeds. The second method evaluates the 
machinability of cast round bars on the basis of the 
feed resulting from a fixed, horizontal tool pressure 
using the constant-pressure lathe developed by Bat-, 
telle Memerial Institute.* Rings of 7-in. ID, 9-in. OD 
and Y4-in. thickness were individually cast in core 
for the first method. 

The specimens selected for the second test were 
1.2-in. rounds cast in core and following the same 
procedure devised for the casting of arbitration bars. 
In each case, the microstructure was examined in the 
particular area where the cutting tool would be 
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operating, usually 14 in. below the as-cast surface. 

The advantage of the tool life test method is that 
it makes light surface cuts at commercial speeds on 
rings, whose thickness could be varied to give different 
cooling rates. The chosen ring dimensions provided 
sufficient surface area for tool wear measurements, 
and the 14-in. thickness produced cooling conditions 
comparable to those occurring in thin-section castings. 
In such sections, the cutting tool is removing only the 
as-cast surface plus a shallow cut into the underlying 
metal. 

Since the microstructure of cast iron is quite sensi- 
tive to variations in rate of cooling, the outer skin 
of castings is usually less easily machined than the 
interior and most responsible for tool wear. For the 
sake of brevity, reference is made to two articles* * 
for details on the testing procedure. Here it will suffice 
to say that each test ring was clamped in a peripheral 
chuck and cuts were taken alternately on cope and 
drag faces with a single point carboloy, grade 44A, 
tool. A nominal depth of cut of 1/16 in. was used 
with a feed of 0.010 in, per revolution. The flank 
wear on the tool was measured after each cut so that 
cutting speed vs. tool life data for a certain wear 
land could be obtained. 

The need for meeting production requirements 
suggests a machinability test that gives information 
on tool travel, for a constant feed load. The second 
test method is based on the principle that specimens 
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Fig. 1—Typical variation of Brinell hardness and tensile 

strength with section thickness of gray iron cast in sand 

molds. (From “Engineering Properties of Gray Iron” 
published by AFS) 
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of different machining quality cut at different rates, 
for constant surface speed, when a fixed lateral pres- 
sure is applied to the tool. Again, since differences in 
feed or tool advance in this test are intrinsically re- 
lated to microstructural differences in test specimens 
and since a large majority of tests on free-cutting stee!s 
were turning tests on 74-in. rounds, individually cast 
1.2-in. bars, premachined to 1.0-in. concentric rounds 
for testing were selected in adapting the method to 
the machinability rating of cast iron. 

Details of the testing procedures and results have 
been published elsewheret* and will be mentioned 
here only briefly. A test consists of cutting a standard 
material (B1112 steel) and several unknown samples 
for a distance of 2 in. with the same tool. To compen- 
sate for unintentional variations in tool conditions, 
the constant-pressure ratings are based (averaged) on 
tests with six tools which are regular high-speed steel 
blanks ground to a particular shape. Tests were 
standardized at 32 fpm with a tool thrust of 81 Ib for 
a lg-in. deep turning cut. The method was employed 
recently to evaluate the relative machinability of 
nodular, malleable and gray irons cast to the same 
1.2-in, section diameter.? 


Relation of Hardness 


Hardness is not necessarily a criterion of machining 
quality. There are numerous different microstructures 
that may have the same hardness, depending upon the 
austenitizing temperature and rate of cooling of the 
matrix. However, in a qualitative sense, machinability 
is a function of hardness, and this property is usually 
selected as the most convenient way upon which to 
base cutting speed and feed relations. 

Most annealed or normalized steels fall into the 
four groups: (a) up to 163 Brinell, (b) 163 to 192 
Brinell, (c) 192 to 223 Brinell, and (d) 223 to 255 
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Fig. 2—Relation of Brinell hardness and volume of metal 
removed for specified tool wear on unalloyed and alloyed 
iron rings from a particular foundry investigation. Aver- 
age Brinell hardness for each pair of irons listed in Table 
4 employed. Data for 315 fpm cutting speed on ¥2-in. 
thick rings at depth of 1/16 in. below as-cast surface. 
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Fig. 3—Graphite and matrix structure of iron 1-1 that allowed 22.0 cu in. of metal to be removed for 0.010-in. 
tool wear at 315 fpm. Mag.—100X and 500X. 


Brinell. Gray cast irons are generally divided into 
three groups: (a) 100 to 195 Brinell (b) 195 to 265 
Brinell, and (c) above 265 Brinell. Any reason for 
adjustment in these relations must depend on the 
character of the microstructure. Just how the Brinell 
hardness may vary with section thickness (hence 
microstructure) is illustrated in Fig. 1, the boundry 
line denoting the hardness above which machining 
difficulties are encountered for any particular section 
size. 

The curve for each class of iron shows high hardness 
in the thin sections and then as the section increases, 
the hardness levels out and becomes rather constant. 
A great number of the commercial castings produced 
today have bulk hardness values on the flat part of 
each curve. Bulk hardness, therefore, does not provide 


2 sensitive correlation with machinability, and con- 
sequently one must study the morphology of the 
abrasive constituents of the microstructure for a more 
precise correlation. 

The initial hardness of the iron being machined, 
as measured by its Brinell hardness number, has a 
direct bearing on the rate of abrasion of the cutting 
tool for, in the process of chip formation, the iron 
with the higher initial hardness will produce the 
harder chip and so abrade the cutting tool the more 
rapidly. However, Brinell hardness values for samples 
of any particular class of irons may not be a true 
measure of their machinability, as the correlation 
between hardness and tool life depends largely on 
machining speeds. 

At very high or low speeds, the same tool life 





Fig. 4—Graphite and matrix structure of iron 1-2 that allowed 33.7 cu in. of metal to be removed for 0.010-in. 
tool wear at 315 fpm. Mag—1100X and 500X. 
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TABLE 1]—-AVERAGE COMPOSITION AND HARDNESS OF RiNnNGS UsED FoR Toot Lire TEsTs 
Chemical Composition 
Iron — Brinell Tool 
No. tS. Si Mn S P Cx. C.E. Hardness Life* 
eae 2.30 0.71 0.10 0.32 0.68 4.25 238 22.0 
1-2 3.54 2.38 0.54 0.10 0.25 0.64 4.33 227 33.7 
1-3 3.55 2.42 0.91 0.09 0.27 0.65 4.36 238 19.4 
1-4 3.56 2.48 0.75 0.10 0.27 0.75 4.39 223 21.5 


* Cubic inches of metal removed for 0.015 in. wear land at 315 fpm cutting speed. 





values may be obtained on irons having hardnesses 
between 240 and 175 Brinell. Around 300 fpm, there 
is a general increase in tool life with decrease in 
Brinell hardness. This effect of bulk hardness on tool- 
\ife machinability is shown in Fig. 2. When compar- 
ing irons of widely different microstructures, the rela- 
tion of Brinell hardness and volume of metal removed 
for the specified tool wear on unalloyed and alloyed 
iron rings is good, 

However, for any particular’ class or grade of cast 
iron, the rate of abrasion of the cutting tool is not 
only influenced by the bulk hardness but also by the 
abrasiveness of the individual components of the mi- 
crostructure. Thus, the presence of hard abrasive par- 
ticles such as carbides, nitrides, and sometimes phos- 
phides or the size, shape and amount of the ferrite 
and pearlite of the matrix structure contribute the 
major effect on the machinability of cast iron. This 
is due to the marked variation in microhardness of 
these microconstituents. 


Results and Discussion 


In Table 1 are given the analyses of some irons 
that are cast into such products as brake drums, gears 
and transmissions. The hardness and tool life values 
obtained from ring castings of these analyses are also 
included. The differences in tool life are directly 
attributed to the respective microstructures shown as 
Figs. 3 to 5. Basically, the better machinability of iron 
1-2 results from the fact that its microstructure con- 


tains coarser Type A and Type B graphite with asso- 
ciated secondary ferrite compared to the microstruc- 
ture for irons 1-1 and 1-3 which contain finer and 
predominant Type B and Type D graphite with far 
smaller particles of primary ferrite attached thereto. 

In other words, the longer, coarser graphite flakes 
with larger individual grains of ferrite adjacent there- 
to in essentially the same pearlite matrix was the sig- 
nificant feature improving machinability in iron 1-2. 
Generally, machining properties appear to improve 
with increase in grain size and this would certainly be 
a factor in the wide difference in free ferrite grain 
size noted in these irons. The amount and distribu- 
tion of the steadite phase arising from the 0.25 per 
cent phosphorus was relatively constant and did not 
influence the tool life results. 

The combination of Type A graphite and secondary 
ferrite in a pearlite matrix produces a better machin- 
ing structure than Type B graphite with primary fer- 
rite in a pearlite matrix. The greater size and amount 
of ferrite grains together with the longer and coarser 
graphite flakes are much more effective in this respect 
than the smaller particles of ferrite and graphite. The 
sufficient concentration of soft, ductile ferrite in the 
former really contributes to a softer matrix while at 
the same time the graphite flakes break up the chips 
readily and consequently prevent the formation of 
any build-up of soft ferrite on the tool edge by sweep- 
ing it away as it forms. The latter structure cannot 
function in the same manner, during machining, as 





Fig. 5—Graphite and matrix structure of iron 1-3 that allowed 19.4 cu in. of metal to be removed for 0.010-in. 
tool wear at 315 fpm. Mag—100X and 500X. 
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Fig. 6—Microstructure of iron 2-1 having a _ constant- 
pressure lathe test rating of 160. Nital etch. Mag.—100X. 


there is not a sufficient concentration of either con- 
stituent to behave in the same manner. 

In other words, both the ferrite and graphite are 
too finely divided to be effective, and the microstruc- 
ture is really not uniform throughout the section. The 
cutting tool is moving from moderately hard areas 
containing pearlite to the relatively soft areas (or 
patches) containing primary ferrite. and associated 
Type B graphite. This is likely to cause the pheno- 
menon of tool chatter and result in a complaint of 
poor machinability attributed incorrectly to hardness, 
since the bulk hardness for such a microstructure may 


Fig. 7—Microstructure of iron 2-2 having a constant- 
pressure lathe test rating of 138. Nital etch. Mag.—100X. 


be quite normal for gray iron. 

Essentially, cast iron owes its free-cutting property 
to the reduced friction between chip and tool pro- 
duced by the action of the contained graphite. This 
and other microconstituents have an important in- 
fluence on machinability, and their amount and dis- 
tribution are controlled by the chemical composition 
(principally total carbon and silicon) and the thermal 
history of the iron. How the constant-pressure lathe 
evaluates the machinability of l-in. rounds of differ- 
ent cast iron compositions that are commonly pro- 
duced for a variety of castings is shown in Table 2. 


ARBITRATION 











TABLE 2—-CONSTANT-PRESSURE MACHINABILITY RATINGS AND MECHANICAL PROPERTIES FOR 1.2 IN. 
Bars OF Low PHOSPHORUS IRONS 
Chemical Composition % Avg. Coefficient of Tensile Transverse Test 
Iron _ Brinell Mach. Variation Strength Strength Deflection 
No. r.c. Si Mn S P C.E. BHN Index, Units % psi Ib in. 
2-1 3.63 2.09 0.85 0.09 O.11 4.33 179 160 16.1 10.1 21,200 
2-2 3.23 2.00 048 0.14 0.12 3.90 197 138 12.0 8.7 36,100 
2-3 $.28 1.96 0.87 0.08 0.11 3.93 214 127 12.5 9.8 38,300 2455 0.31 
2-4 3.25 2.23 0.75 0.09 0.13 3.99 187 110 16.3 13.9 31,640 
3-1 3.36 2.00 0.54 0.12 0.12 4.03 207 148 10.7 7.2 34,100 2340 0.31 
3-2 3.30 1.99 051 0.14 0.12 3.96 207 145 10.5 7.1 32,000 2250 0.26 
3-3 3.38 2.18 049 0.15 O13 4.10 179 162 7.3 4.5 30,150 2150 0.35 
3-4 $.25 2.01 046- 0.13 O11 3.92 187 139 13.2 9.5 34,200 2390 0.32 
3-5 3.19 2.00 048 0.12 O.11 3.85 197 134 13.7 10.3 39,200 2550 0.29 
3-6 $3.27 2.01 0.45 0.13 0.12 3.94 197 138 15.2 11.0 35,800 2395 0.27 
3-7 $3.23 2.31 053 O.11 0.12 4.00 177 150 16.7 11.1 30,250 2185 0.29 
3-8 $3.20 2.47 055 O11 0.13 4.02 179 147 14.5 9.9 29,300 2135 0.30 
3-9 3.28 1.96 0.87 0.08 0.11 3.93 214 127 12.5 9.8 38,300 2455 0.31 
3-10 3.28 2.06 0.50 0.11 0.10 3.97 187 140 12.6 9.0 35,600 2385 0.30 
3-11 3.38 2.11 046 O.11 0.12 4.08 187 140 11.4 8.1 33,100 2390 0.28 
3-12 3.26 1.89 052 0.13 0.12 3.89 197 135 12.2 9.0 37,200 2460 0.29 
3-13 3.55 2.14 0.85 0.09 0.10 4.26 189 146 12.6 8.6 24,800 
3-14 3.27 1.93 0.89 O.11 O11 3.91 229 124 9.7 7.8 38,400 
3-15 3.66 221 0.84 0.08 0.10 4.39 165 172 18.9 11.0 20,100 
3-16 3.54 2.23 0.82 0.09 0.10 4.28 181 150 14.8 9.9 24,250 


, Testing Conditions: Cast bars 1.2-in. diam turned to 1.0-in. rounds, before testing at 140 rpm; 32 mean surface feet per 


minute; thrust force of 81 lb; depth of cut \% in. 


The machinability indexes are based on a standard B1112 cold-drawn steel given an arbitrary rating of 100. Machinability 


index — 100x “R” on standard ~ “R” on unknown. 
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Fig. 8—M*icrostructure of iron 2-3 having a constant- 
pressure lathe test rating of 127. Nital etch. Mag.—100X. 


The microstructures of the irons possessing widely 
different ratings were examined and the distinct varia- 
tions are depicted in Figs. 6 to 9. The superior cons- 
tant-pressure rating for iron 2-1 results from the 
presence of long, coarse graphite flakes of even density 
along with significant amounts of secondary ferrite 
attached thereto (Fig. 6). The intermediate rating 
for iron 2-2 arises from a high density of long flakes, 
not as coarse as iron 2-1, and with much less ferrite 
evident (Fig. 7). Iron 2-3 is typical of the third type 
of microstructure (Fig. 8) and possesses a rating on 
the low side of the range. It shows a variation in the 
size and distribution of the graphite, the flakes being 
smaller and sparsely scattered throughout an essen- 
tially fine pearlite matrix. 

A marked difference in the nature of the graphite 
is evident in the structure for iron 2-4, which has 
the lowest rating of the group (Fig. 9). This results 
from the fact that the graphite is essentially in the 
form of tiny particles rather than flakes and is inter- 
spersed within appreciable patches of primary ferrite. 
These areas of primary ferrite are spaced rather 
closely together with a fine pearlite-graphite flake 
distribution in between. This aggregate structure 
arises from undercooling on solidification and is not 
a desirable structure from several standpoints. 


TABLE 3—-AVERAGE COMPOSITION AND HARDNESS OF RINGS USED FoR Toot LIFE TEstTs 


graphitization 
ratings for irons possessing greater quantities of these 
elements. Really, the variation in total carbon con- 
tent, as a function of the carbon equivalent, is the 
controlling variable in producing a change in the 
machinability, rather than the silicon content. This 
was learned recently in a multiple correlation study 
by Loria, Boulger and Shaw.* 

The data for 26 iron compositions show that, ol 
the five variables studied, changes in total carbon 
content exert the greatest influence on the machin- 
ability index. A correlation coefficient of 0.9585 for 
carbon (close to the coefficient of 1.000 which indi- 
cates the strongest possible correlation) was obtained 
which means that the constant-pressure index im- 
proves with increasing amounts of total carbon within 
the 3.19 to 3.60 per cent range studied when the 
silicon content is within 1.99 to 2.29 per cent. 

The correlation coefficient of 0.2988 for silicon in- 
dicates that variations in silicon from 
per cent had a weak but significantly beneficial effect 
on the constant-pressure rating. However, when inter- 
actions among the other variables are considered, the 
effect of increasing amounts of silicon, in the range 


and 
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Fig. 9—M*icrostructure of iron 2-4 having a constant- 
pressure lathe test rating of 110. Nital etch. Mag.—100X. 


This series of machining tests reveals the majo 
effect of increasing carbon and silicon in promoting 
higher constant-pressure 


1.99 to 2.29 





Chemical Composition, % 








Iron i Bf) Pe a NS kA, 
No. Tah. Si Mn S 
4-1 3.38 1.86 0.87 0.11 
4-2 3.43 1.88 0.81 0.12 
4-3 3.24 1.86 0.77 0.12 
4-4 3.26 1.98 0.78 0.13 
5-1 3.46 1.89 0.75 0.10 
5-2 3.36 1.93 0.78 0.12 


* Cubic inches of metal removed for 0.020-in. wear land at 315 fpm cutting speed. 
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Fig. 10—Microstructure of iron 4-1 that allowed 8.4 cu 
in. of metal to be removed for 0.020-in. tool wear at 315 
tpm. Nital etch. Mag.—500X. 


studied, is only slightly beneficial; the regression co- 
efficient for silicon decreases to 0.0984 whereas that 
for carbon remains at 0.9534. Variations in sulphur 
content (from 0.08 to 0.17 per cent) appeared to have 
a weak but beneficial effect while increasing amounts 
of manganese (0.45 to 0.79 per cent) and phosphorus 
(0.10 to 0.16 per cent) appeared to have a slightly 
harmful effect on the machinability rating. 

The tool life results on machining rings of lower 
carbon equivalent, higher strength irons used in the 
production oi automotive engine blocks, are given in 
Table 3. The different results for this series of irons 
can be explained on the basis of the microstructures 
presented as Figs. 10 to 13. The presence of more than 
5 per cent of free carbide in iron 4-3, reduces tool life 





Fig. 12—Microstructure of iron 4-3 that allowed 2.8 cu 


in. of metal to be removed for 0.020-in. tool wear at 315 
fpm. Nital etch. Mag.—500X. 
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Fig. 11—Microstructure of iron 4-2 that allowed 12.0 cu 
in. of metal to be removed for 0.020-in. tool wear at 315 
fpm. Nital etch. Mag.—500X. 


drastically. 

Comparing irons 4-3 and 4-4, Figs. 12 and 13, the 
better machinability of the latter is due principally 
to the absence of these carbides, but the much 
coarser pearlite lamellae would be an important 
secondary factor. Comparing irons 4-1 and 4-2, Figs. 
10 and 11, the better tool life on the machining the 
latter is ascribed to the medium-coarse lamellar pear- 
lite which produces a lower hardness. The medium 
interlamellar spacing of the pearlite and its distribu- 
tion into moderate size nodules are more conducive 
to machinability than the tighter interlamellar spac- 
ing of smaller pearlite nodules or mixed large and 
small pearlite nodules.® 

Usually coarse pearlite is associated with coarse 





Fig. 13—Microstructure of iron 4-4 that allowed 12.9 cu 
in. of metal to be removed for 0.020-in. tool wear at 315 
fpm. Nital etch. Mag—8500X. 
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graphite and fine pearlite with fine graphite. Coarse 
pearlite forms when the cooling rate in the casting 
is sufficiently slow and the iron is not highly alloyed. 
Fine pearlite is associated with a rapid cooling rate, 
low carbon or silicon content and the presence of 
alloying elements. In effect, both tool life and con- 
stant-pressure machinability increase as the pearlite- 
graphite distribution becomes coarser. This is shown 
by the supplementary results obtained in another in- 
vestigation on machining rings of iron 5-1 and 5-2. 

Producers of high quality test irons receive many 
orders for castings that will withstand various types 
of pressure. To comply with these requirements, 
molybdenum-chromium additions are made to in- 
crease strength and structural soundness. Nickel is 
also used in combination with either or both of these 
elements to achieve desired properties. Alloying cast 
iron with such elements will certainly change its 
machining characteristics because some of the alloying 
elements increase the ferrite hardness while others 
form special carbides which are more abrasive than 
plain iron carbide. 

To investigate the effect of alloying elements, tool 
life tests were made on rings cast from the series of 
irons listed in Table 4. Such irons are produced for 
a variety of machine tool, high strength, and die 
castings. The Brinell hardness values in Table 4 pro- 
vide a gage of their relative machinability. This was 
shown graphically in Fig. 2 where the average Brinell 
hardness for each type of iron was plotted in rela- 
tion to the volume of metal that was machined at 315 
fpm for 0.010-in. and 0.015-in. tool wear. 

The microstructures shown in Fig. 14 to 18 explain 
the differences in tool life machinability that were 
obtained for this series of gray irons. Briefly, and as 
expected, the unalloyed irons were more machinable: 
iron 6-3 produced the best results for any type. In 
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TABLE 4—COMPOSITION AND MECHANICAL PROPERTIES 
oF UNALLOYED AND ALLOYED IRONS USED FoR TOOL 
Lire TEsTs 





Chemical Composition, % 








Iron 

No. TC. Si Mn Ni Mo Cr P S 
6-1 $.32 2.24 0.89 0.10 0.09 
6-2 341 2.19 0.90 0.09 0.09 
6-3 3.43 2.21 0.91 0.10 0.10 
6-4 3.36 2.19 0.89 0.08 0.09 
6-5 3.38 2.16 0.88 0.59 0.38 0.08 0.09 
6-6 3.34 219 091 0.61 O41 0.11 0.10 
6-7 3.43 2.19 0.89 0.42 051 0.08 0.09 
6-8 $.34 2.19 0.93 040 052 0.08 0.10 
6-9 3.36 2.23 0.91 0.75 0.09 0.10 
6-10 3.36 2.37 0.88 0.66 0.10 0.09 

Tensile Transverse Test 


Brinell Hardness 











Iron Strength Strength Deflection 
No. Rings Bore psi lb in. 
6-1 255 223 33,500 2260 0.25 
6-2 248 207 28,400 2170 0.27 
6-3 223 207 28,450 1860 0.20 
6-4 223 217 33,100 2270 0.28 
6-5 293 255 40,450 2720 0.22 
6-6 302 248 38,600 2560 0.29 
6-7 262 235 35,800 2680 0.32 
6-8 286 255 40,650 2630 0.26 
6-9 248 217 32,500 2260 0.27 
6-10 255 223 $2,950 2290 0.25 





the alloyed irons, the presence of nickel was bene- 
ficial. —The chromium-molybdenum irons were the 
least machinable because of the carbide stabilizing 
tendency of these elements. 

In the area to be machined, large patches of pri- 
mary ferrite, associated with type B and type D gra- 
phite, were observed in unalloyed iron 6-2, as can be 
seen in Fig. 14. This structure was not as machinable 
as that found in the unalloyed iron 6-2, which con- 





Fig. 14—WMicrostructure of iron 6-2 that allowed 6.3 cu 
in. of metal to be removed at 315 fpm, or 22.0 cu in. at 
185 tpm, for 0.015-in. tool wear. Nital etch. Mag.—500X. 


Fig. 15—Microstructure of iron 6-3 that allowed 12.2 cu 
in. of metal to be removed at 315 fpm, or 32.3 cu in. at 
185 fpm, for 0.015-in. tool wear. Nital etch. Mag—500X. 
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Fig. 16—Microstructure of iron 6-6 that allowed 3.5 cu 
in. of metal to be removed at 315 fpm, or 17.5 cu in. at 
185 tpm, for 0.015-in. tool wear. Nital etch. Mag.—500X. 


sisted of larger ferrite grains and mainly type A 
graphite randomly distributed in a pearlitic matrix, 
shown as Fig. 15. Alloying produced little, if any, pri- 
mary ferrite and refined the pearlite matrix as a 
whole. This is shown for the nickel alloyed ‘iron 6-10 
in Fig. 18. 

In addition, the strong carbide stabilizing effect ot 
chromium produced primary carbide grains which 
reduced tool life significantly at the 315 fpm machin- 
ing speed. The rings of the nominal 0.60 per cent 
molybdenum—0.40 per cent chromium combination 
were more machinable than the rings of the 0.40 per 
cent molybdenum—0.50 per cent chromium, par- 
ticularly at 315 fpm. The morphology of the free 
carbides lowering tool life in iron 6-6 and 6-7 is 
shown in Figs. 16 and 17. Indeed, a decreasing tool 
life would be expected with these changes in micro- 
structure which fall within the progression of machin- 
ability indexes given in the recent Air Force Report.? 

It is well known that the amount of phosphorus in 
gray iron has pronounced effects on the machinability 
of the casting. When present in amounts above 0.10 
per cent phosphorus forms the eutectic, steadite, which 
is a relatively hard and brittle microconstituent and 
has a marked tendency to segregate in the cell (grain) 
boundaries. Steadite can be an appreciable quantity 
im cast iron since a phosphorus content of 0.50 per 
cent, for example, actually means a steadite content 
of 5 per cent by volume. Consequently, the automo- 
tive industry and other large volume consumers of 
castings have not accepted, to any great extent, cast- 
ings containing more than 0.35 per cent phosphorus. 
Usually, the reason for establishing a maximum of 
0.20 per cent phosphorus in automotive cast iron is 
that an excessive amount of phosphorus tends to pro- 
mote shrinkage. 

To investigate the effect of steadite, machining tests 
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Fig. 17—Microstructure of iron 6-7 that allowed 4.7 cu 
in. of metal to be removed at 315 fpm, or 7.2 cu in. at 
185 tpm, for 0.015-in. tool wear. Nital etch. Mag.—500X. 


were made on two series of nominal 0.50 per cent 
phosphorus irons that are commercially produced into 
valves and pipe fittings. Their chemical analyses along 
with other pertinent data are cited in Table 5. It 
was found that this series of high-phosphorus gray 
irons are quite machinable when cast in the 14-in. 
thick ring section, and the data compare favorably 
with the best results obtained by this test method 
on low phosphorus irons of comparable chemistry. 

In the 185 to 512 fpm machining speed range, the 
5 per cent steadite had no detrimental effect on tool 
life. Also, the constant-pressure ratings compare satis- 
factorily with those obtained for low phosphorus irons 





Fig. 18—Microstructure of iron 6-10 that allowed 12.0 cu 
in. of metal to be removed at 315 fpm, or 28.5 cu in. at 
185 fpm, for 0.015-in. tool wear. Nital etch. Mag.—500X. 
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TABLE 5—-ANALYSIS AND MECHANICAL PROPERTIES OF HIGH PHOSPHORUS IRONS UsED FOR TOOL LIFE AND Con- 
STANT-PRESSURE TESTS. 























Constant 
Chemical Composition, % Tensile Brinell Hardness Pressure 
Iron il ae : * Strength Lathe 
No. FA. Si Mn S P C.C. C.E. psi Rings Bars Index’ 
8-1 3.49 1.84 0.43 0.08 0.54 0.76 4.20 30,180 229 197 156 
8-2 3.47 1.80 0.40 0.08 0.52 0.79 4.16 31,130 241 207 154 
8-3 5.41 1.82 0.45 0.09 0.53 0.82 4.12 33,580 248 229 142 
8-4 3.43 2.08 0.40 0.09 0.49 0.74 4.20 31,580 229 207 151 
8-5 3.40 1.89 0.42 0.08 0.50 0.81 4.12 30,820 241 217 146 
8-6 3.45 1.85 0.45 0.08 0.52 0.78 4.16 30,290 241 217 146 
8-7 3.44 1.90 0.46 0.09 0.50 0.68 4.16 27,250 235 207 
9-1 3.48 1.84 0.44 0.08 0.50 0.77 4.18 31,420 235 217 157 
9-2 3.45 1.82 0.40 0.09 0.49 0.71 4.13 31,050 229 207 151 
9-3 3.50 1.80 0.41 0.09 0.49 0.67 4.19 27,020 241 197 
9.4 3.49 1.90 0.43 0.09 0.50 0.80 4.21 26,330 217 207 158 
9-5 3.43 1.90 0.40 0.09 0.50 0.69 4.15 27,360 229 197 144 
9-6 3.53 2.08 0.42 0.09 0.50 0.70 4.30 28,250 229 229 158 
Rings of iron 8-4 and 9-6 were not used for tool life machining tests because of their high T.C. and Si content. 
‘Reference standard B1112 steel = 100. 
Large Volume Production,” Iron Age, vol. 168, pp. 131-133 


of similar analysis and section size. Individual con- 
stant pressure indexes for the 1.0-in. diameter bars 
are comparable to those for 0.10 to 0.16 per cent 
phosphorus irons of otherwise similar chemistry. In 
the total carbon range of 3.40 to 3.50 per cent, they 
fall smoothly along the trend line drawn for several 
of the latter irons,’ whose constant-pressure ratings 
varied from 148 to 154. 

To illustrate the amount and distribution of stead- 
ite in these high-phosphorus irons, Figs. 19 and 20 are 
presented. Comparing irons 8-1 and 8-3 with irons 
9-5 and 9-6, it becomes evident that the steadite is 
not as important as the control of the graphite- 
combined carbon relationship. Increasing amounts 
of combined carbon indicates a harder and less ma- 
chinable matrix. The form of the graphite in the 
second series, depicted by irons 9-5 and 9-6, appeared 
to be coarser and denser than in the first series, there 
being a greater portion of the preferred type A flake 
(75 to 95 per cent compared to 60 to 90 per cent). Its 
greater density and coarseness probably contributed 
to the better tool life results. 

Differences in density and segregation of the stead- 
ite phase in individual irons may have accounted, in 
part, for the different constant-pressure test results. 
The good machinability test results obtained in these 
0.50 per cent phosphorus irons were accomplished by 
the proper selection of charge materials and balance 
of the carbon and silicon contents for producing spe- 
cific castings. Under these circumstances, 0.50 per cent 
phosphorus produced no additional hardening effect. 
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DISCUSSION 


Chairman: V. A. CRrossy, Climax Molybdenum Co., Detroit. 

Co-Chairman: W. C. Jerrery, University of Alabama, Univer- 
sity, Ala. 

Recorder: W. C. JEFFERY. 

Wm. H. Moore (Written Discussion) The author is to 
be congratulated on a presentation that will add greatly to 
our store of knowledge regarding the behavior of cast iron 
during machining. Three conclusions immediately stand out. 

1. The casting skin is often responsible for excessive tool 

wear. 

2. The machinability is a direct function of the microstruc- 
ture of the cast iron, and 

3. Carbide stabilizing alloys are 
ability. 


detrimental to machin- 
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Fig. 19—WMiicrostructure of irons 8-1 and 8-3 that allowed 
16.0 cu in. of metal to be removed at 315 fpm, or 61.0 





cu in. at 185 fpm, for 0.020-in. tool wear. Constant- 
pressure lathe test ratings were 156 and 142 respectively. 


Picral etch. Mag.—75X. 


Considering the author’s presentation, along with other 
work which is acknowledged by the author, the conclusion 
is reached that the only dependable criterion of machinability 
of a cast iron is to be found in the microstructure of this cast 
iron. It follows, therefore, that the producer and the user of 
gray iron castings are concerned vitally with making and ob- 
taining uniform and predictable microstructures in gray iron 
castings. 

It is quite clear that the production of a uniform and pre- 
dictable microstructure in a gray iron casting, particularly in 
one of variable sections, is not a simple matter that can be 
discussed merely by reference to control of the carbon equiva- 
lent of the cast iron. 

For example, consider irons 4-1 and 5-2, quoted by the 
author in Table 3. Those two irons have the identical carbon 
equivalent and very closely the same analysis. Yet they have 
different microstructures and show considerable difference in 
their machining characteristics, as indicated by tool wear tests. 

Consider also irons 4-2 and 5-1, which again have a very 
similar chemical composition and also carbon equivalents, which 





are almost identical, but nevertheless vary profoundly when 
it comes to tool wear. 

It is at once evident that chemical composition and carbon 
equivalent are no criterion of machinability. In the same 
way, reference to the author's data indicates that tensile strength 
and Brinell hardness are not an absolute index of machin- 
ability. 

In the production of an iron of uniform microstructure in 
castings having either uniform or varying sectional thicknesses, 
many factors have to be given consideration. The more im- 
portant ones are:— 

nature of the raw materials used in melting the iron, 
melting process of the iron with particular reference to 
the degree of oxidation that occurs during the melting, 
inherent chill characteristic of the iron, 

chemical composition of the iron, and 

relationship between the critical sections of the castings 
and the chill value of the iron. 

Not just any cast iron of a given composition or of certain 
physical properties in a test bar can be relied upon to give 


cu in. at 185 fpm, for 0.020-in. tool wear. Constant- 
pressure lathe test ratings were 144 and 158 respectively. 
Picral etch. Mag.—75X. 


Fig. 20—Microstructure of irons 9-5 and 9-6 that allowed 
33.0 cu in. of metal to be removed at 315 fpm, or 79.0 





174 


consistency in microstructure and, consequently, consistency in 
behavior during the machining operation. The making of such 
a cast iron involves considerable technical skill and is de- 
pendent on a sound knowledge of the metallurgical principles 
involved. One dependable method of insuring a cast iron of 
consistent behavior during machining has been described in 
a recent article.10 

In conclusion, I would suggest that application of Mr. Loria’s 
broad experience on the problem of microstructure control and 
machinability, as related to cupola operation, would be of 
infinite benefit to the producers of gray iron castings. 


Discussion by Colwell and Packer 


L. V. CoLwett AND K. F. PACKER (Written Discussion) Work 
of the type presented in this paper is of utmost importance 
to foundrymen. The data presented and the conclusions reached 
are in good agreement with the findings of Colwell, Holmes 
and Rote" in a study of machining parameters for cast irons 
which showed a correlation between combined carbon, micro- 
hardness, a calculated nucleation tendency and tool life. Brinell 
hardness and tensile strength showed very poor correlation. 

There are two major points in Mr. Loria’s paper which 
should be discussed further. These are the correlation between 
microstructure and tool wear on the outer surface of a 
casting and the use of the constant-pressure lathe as a tool 
to measure machinability. 

From a practical standpoint the measure of tool wear while 
machining the skin of a casting is probably most significant 
to foundrymen. There are two factors of importance involved 
here: (1) the microstructure near the surface is usually some- 
what different than that of the interior and (2), and most 
important of all, the surface preparation given the castings 
can influence tool life to a greater extent than small changes 
in microstructure. 

As an example of this, the simple difference between tumbling 
and shot blasting a small part was enough to increase the 
number of holes drilled for 0.010-in. wear 214 times. On these 
same castings drilling tests on the base metal with only the 
surface removed permitted drilling twice as many holes with- 
out measurable wear. 

More striking perhaps is the work by Datsko” on casting 
surfaces vs tool life in turning in which he has shown 
marked increases in tool life with proper surface preparation. 

Foundrymen should realize that we are still lacking a com- 
plete understanding of the factors necessary to predict ac- 
curately tool life under specified conditions without extensive 
prior testing of the material. 

The constant pressure test used by the author, while ex- 
hibiting some promise in certain instances, should be used 
with extreme caution. It is difficult to see how information 
derived from this test can be applied directly to machining 
operations which are performed on positive feed machines. 

Also the wear on a cutting tool is related in a complex way 
to the pressure on the edge of the tool and is quite sensitive 
to small changes in feeding force (and consequent pressure 
changes). A plot of the change in pressure on the flank of 
the tool vs wear rate indicates an almost linear increase in 
wear with pressure up to a critical value beyond which wear 
continues rapidly at decreased pressures. This would indicate 
a change in the mechanism of the wear phenomena at a critical 
value of pressure (and possibly temperature) and may lead 
to an understanding of the effect of various microconstituents 
on tool wear. 

Finally, the author states that “cast iron owes its free-cutting 
property to the reduced friction between chip and tool pro- 
duced by the action of the contained graphite.” There is no 
evidence in published information on cutting forces to con- 
firm this nor is the statement consistent with the fact that 
carbon steels containing similar carbides and no graphite often 
exhibit less tool wear at the same cutting conditions. We sug- 
gest that cast iron might cut as freely if the graphite were 
removed and only the space it occupied remained as voids. One 
theory is that the sharp-edged space occupied by flake graphite 
account not only for low strength and ductility but also for 
the free-cutting associated with it. The machining character- 
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istics of high strength ductile iron would seem .to confirm this 
theory. 

Mr. Loria is to be congratulated on making available the 
valuable information contained in this paper. We may have a 
long way to go before all our machinability problems are 
solved and carefully controlled studies like this project are 
significant steps toward that goal. 


Discussion by Angus 


H. T. Ancus (Written Discussion)? I have read this paper 
with very great interest. I am sorry to say that no work of this 
type is being carried out in England, as far as I am aware, 
and we are not, therefore, able to discuss it authoritatively. I 
had some discussions with Dr. Michael Field and Mrs. Hans 
Ernst some years ago when I was in the States, and the author's 
findings undoubtedly appear to confirm entirely the general 
trend of the results which they outlined to me, and which, 
indeed, have been published under the names of Field and 
Stansbury. 

My general experience in this country completely confirms 
the author’s findings. I am somewhat surprised that the addi- 
tion of 0.5 per cent of phosphorus has literally no effect on 
machinability. It has long been apparent in this country, where 
phosphorus contents of up to 1.4 per cent are not uncommon, 
that steadite has a much smaller effect on machinability than 
would be expected from its microhardness, which ranges from 
450 to 600 Brinell. I did not expect to find that its effect was 
entirely negligible up to 0.5 per cent, and this information 
is extremely interesting. 

I am also rather surprised to find that in the specimens test 
ed the effect of 0.5 per cent of phosphorus on Brinell hardness 
appears to be less than the effect of about 0.3 per cent of 
silicon. It is always difficult to isolate the precise effects of 
any of these alloying elements, and in the data which have 
been submitted, the graphite itself is, of course, a further 
interfering factor, but I should have expected the higher 
phosphorus irons to have been some 5-10 points harder than 
their corresponding low phosphorus counterparts. 

There is, of course, one point which must not be overlooked 
in any questions relating to machinability, namely, the effect 
of graphite size upon the surface finish. Where the reproduc- 
tion of clean sharp edges is desirable, the use of the under- 
cooled graphite irons of the type produced in die castings 
may more than offset the slight reduction in machinability. 
This point, of course, in any case, is outside the scope of the 
paper. 

Mr. Loria (Author’s Closure): It is a pleasure to acknowledge 
these discussions which add considerably to the value of this 
paper. Mr. Moore has enumerated the three most significant 
conclusions to be derived from the study and then added the 
five most important factors that control the production of cast 
iron of uniform microstructure and machinability. Without 
question, the nature of the raw materials, the makeup of the 
cupola charge and the differences in melting practice are re- 
sponsible for variations in these properties. Indeed, the specific 
pairings of irons made by Mr. Moore with equivalent chemistry 
and section but variant microstructure confirm that these fac- 
tors are germane in the different machinability results that were 
obtained. 

In many instances, the casting skin may have a very different 
microstructure than the interior. A striking example of this 
situation is shown in Fig. 21. The ferrite skin and underlying 
pearlite, both depleted of graphite, would certainly produce 
a different machining index than the interior structure. Several 
examples of the non-uniform or segregated areas of primary 
ferrite and type D graphite along the surface of automotive 
cylinder blocks can be seen in the recent study by Clark.” 

The comments of Messrs. Colwell and Packer are very pert- 
tinent. They cite several cases where the tool life on machining 
the casting skin was improved by different surface treatments. 
Without question, surface preparation will remove the hard 
scale and sand that may be found on the surface of a_ casting. 
The question is whether or not such surface treatment has any 
effect on microstructure 4 in. below the as-cast surface as 
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Fig. 21—Gray cast iron showing ferrite skin and under- 
lying pearlite devoid of graphite. Nital etch. Mag.— 
100X. 


depicted in this paper. Heine“ concludes that “while the cast- 
ing skin, inclusions and sub-surface discontinuities as well as 
other extraneous causes can be detrimental to tool life, the 
distribution, size and type of microconstituents present will 
have the most important bearing on how the machine operator 
classifies the casting.” 

Machining the as-cast skin and then repeating the test on 
the same pre-machined rings does show a difference in tool life 
in most instances but there are many cases where the same tool 
life occurs because the microstructure is uniform, or the same, 
at both levels. In the case of the ring casting, variations in 
pouring temperature produce major differences in tool wear. 
Also, mold shrinkage during metal solidification, in cases where 
the test casting is produced in green sand, is believed to create 
another surface effect. 

The critical analysis of the constant-pressure lathe test is 
appreciated. Battelle personnel, who have developed this ap- 
paratus, claim that the ratings for free-machining steel have 
the same order of magnitude as the published handbook rat- 
ings for tool life. They have adapted the test successfully to 
titanium, malleable and nodular irons as well.” The feed 
obtained in the test for a given thrust depends on the 
metal and the testing conditions. 

During a test, it is necessary to control the tool shape and 
condition, thrust pressure, depth of cut and surface speed of 
the work. Ample power is available for cutting, but the feed 
is controlled by the friction of the chip sliding over the top 
face of the tool. Therefore, feed varies with the frictional prop- 
erties of the metal. About half of the heat generated by 
friction at the tool chip interface can be transferred to the 
tool. This softens the tool, lowers the abrasion resistance and 
shortens tool life as well. 

Dr. Angus is surprised at the negligible effect of phosphorus 
in the cast irons listed in Table 5. Again, I would state that 
the good machinability test results obtained in these 0.50 per 
cent phosphorus irons were realized by the use of specific 
charge materials and melting process, and the proper balance 
of the carbon and silicon contents for producing fittings and 
valve castings. 

Drill penetration tests obtained by Jeffery on step bars 
of irons of different carbon equivalent, comparing 0.20 per 
cent phosphorus iron with 0.70 per cent phosphorus iron, re- 
vealed that drillability was lowered 10 per cent in the latter. 
Indeed, the marked variation in the Knoop hardness of stead- 
ite from 600 to 1200 points to the fact that this microconstituent 
may affect machinability to a varying degree. The more open, 
honeycomb steadite has the lower hardness and is the more 
machinable type. 


As a matter of fact the two series of 0.50 per cent phosphorus 
irons listed in Table 5 were also subject to drill-penetration 
and tapping-energy tests. These machining tests were made 
on small rectangular bars and lock-nut castings poured in 
green sand from the same iron that was used for the round 
bar and ring castings. A penetration test on a drill press in 
which a standardized drill works under a constant load and 
speed for a definite time, and a practical method of evaluating 
machinability under actual tapping or threading conditions 
encountered in the production of pipe fittings were developed 
for this purpose. 

The details of these tests will not be covered here because they 
will be the subject of a forthcoming paper.” For the drill- 
ability test, the tools used were a \-in. pilot drill and a %%-in. 
test drill operating at 487 rpm and a point pressure of 50 
Ib on the rectangular blocks about 34-in. x 7%-in. cross section 
and 4 in. long. After the test drill had penetrated about 1% in. 
through the pilot drill hole, the time interval required for 
the test drill to penetrate exactly 14 in. was noted. 

The tapping test was made on a % in. lock-nut pattern 
which would be particularly sensitive to chilling tendency since 
it was only 0.59 in. [D, 1.0 in. OD and 11/32 in. thick. The 
equipment used for the test consisted of a standard drill press, 
an indicating wattmeter, a fixture for holding the specimen and 
a standard lock-nut tap with lead section made integral. Thus 
resistance to metal removal is reflected in the energy required 
to rotate a given tap at a given rate of rotation. The energy 
required at peak load and recorded in kilowatts of electricity 
was used as the basis of the evaluation. 

Under these conditions, the results of drill tests on four in- 
dividual bars from each of the 12 ladles of iron are listed 
in Table 6. Actually three to four test holes were drilled in 
the drag surface of each bar and an average value obtained 
for that bar. It will be noted that the grand averages are 
reasonably consistent. The range of values from 50.2 to 55.8 mm 
penetration per minute compare satisfactorily with values ob- 
tained for low phosphorus irons of similar analysis and section 
size.” The average power consumption and the range of values 
obtained in tapping 12 lock nuts from each ladle of iron are 
also given in Table 6. 


TABLE 6—DriLt Test AND Tap TEst MACHINABILITY 
RATINGS OF HIGH PHOSPHORUS IRONS USED FOR TOOL 
LIFE AND CONSTANT-PRESSURE MACHINABILITY TESTS 





Drill Test Penetration, Tap Test Power Factor, 











mm/min kw 

— 

No. Max. Min. Avg. Max. Min. Avg. 
8-1 53.1 49.7 51.0 1.00 0.60 0.69 
8-2 52.1 49.3 51.8 0.79 0.50 0.65 
8-3 52.3 48.0 50.2 1.00 0.53 0.92 
8-4 53.3 49.4 50.4 0.78 0.52 0.67 
8-5 52.9 47.1 50.2 1.00 0.55 0.73 
8-6 51.3 50.4 50.8 0.80 0.52 0.66 
9-1 57.6 51.6 54.7 0.79 0.51 0.63 
9-2 58.0 52.6 55.8 0.78 0.50 0.64 
9-3 55.5 50.5 52.7 0.77 0.55 0.66 
9-4 56.8 51.7 54.4 0.75 0.53 0.64 
9-5 52.4 50.5 51.4 0.79 0.53 0.67 
9-6 55.7 49.4 53.6 0.79 0.51 0.64 


Brinell hardness range was 217-241 at surface and 207-235 
at center of 4 x 3% x % in. bars for drillability tests. 





Prior to testing, the cored hold of each specimen was sized 
carefully to remove any small irregularities caused by metal 
penetration of the sand core. The average power consump- 
tion ranged from 0.64 to 0.74 kw, being very uniform for the 
majority of the iests. These results show that this series of 
0.50 per cent pucsnhorus irens are quite machinable even in 
this thin section being within 15 to 30 per cent of the average 
value of 0.54 kw obtained on similar tests on ferritic malleable 
iron specimens. The excellent correlation between the average 
results for three of the test methods and chemical analysis can 
be gleaned from the data in Table 5 and 6. 








FUNDAMENTALS MAKE BETTER CASTINGS 


By 


Lyle L. Clark* 


Every industry undergoes many changes and passes 
through many phases. The foundry industry has done 
just that. Within the industry its various components 
are subjected to similar cycles. It will be interesting 
for the reader to note to which of these stages in the 
foundry he has contributed and which he has re- 
sisted, and what effect this has had on the funda- 
mentals of operation. 

Over the past several years the divisions of the 
foundry have passed through many phases. Despite 
the fact that an equipment engineer recently stated 
that “the cupola has resisted all attempts to com- 
plicate it” and the external appearance is essentially 
much the same, the basic lining operation has ap- 
peared and changed its operating characteristics. The 
front slagger has made possible more uniform opera- 
tion and the innovation of the blown lining has 
benefited many. 


Developments in Coremaking Techniques 


In the core room, use of blowers instead of hand 
ramming of cores has been expanded. High produc- 
tion blowing equipment has cut the piece price and 
may well open a limited field in the use of all core 
molds for the making of relatively close tolerance 
castings and of those giving undue trouble with flat 
surfaces, especially the thin plate types. Better un- 
derstanding of “tailor-making” oils improved the 
technology of sand mixtures and made possible the 
production of cores which formerly were trouble- 
some. Introduction of plastic binders and fast drying 
oils reduced capital investment by making more effec- 
tive use of existing oven capacity. 

Molding floors have experienced constant improve- 
ment of the molding equipment. Accumulation of 
service data over a period of years and the analysis 
of conditions in the industry have pointed the way 
for elimination of troublesome features and _ incor- 
poration of desirable ones. 

Much more effective cleaning has been achieved at 
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reduced costs by the use of versatile equipment which 
has been designed for general use or specific applica- 
tion. New long life cleaning media have aided the 
foundryman in obtaining better surface appearance, 
reduced material cost, and less stringent maintenance 
conditions. 

Importance of the Sand System 

Much attention has been given to a most important 
unit of the foundry—the sand system. This section 
of the foundry will hold our attention during this 
discussion. Nothing is more important in the pro- 
duction of castings, nothing demands more attention, 
nothing needs good equipment more, nothing requires 
a more complete understanding of the principles in- 
volved, and nothing is more easily neglected than 
the sand system. Many difficulties and items of scrap 
stem from this oversight. To surmount these will 
take thought and doing. 

At one time, beef, iron, and wine or sulfur and 
molasses were considered the cure for all undiagnosed 
human ills. It appears that the same method is often 
applied to sands. When in trouble, administer a 
goodly portion of some additive to counteract the 
ill and the trouble will disappear—or at least it will 
be different. However, the approach may be more 
effective if we diagnose the disease closely by an un- 
derstanding of the fundamentals and then prescribe 
more intelligently and more effectively. 


What Is Molding Sand? 

The first thing to be considered in this presenta- 
tion is the definition of a molding sand. Actually 
what is a molding sand? It is a granular material 
found in great abundance on the face of the earth: 
when combined with one or more constituents, it may 
be pressed into a form capable, without contributing 
any effect, of restraining molten metal until it is 
solid and takes the shape of the formed cavity. This 
certainly makes molding sand a simple and appar- 
ently trouble-free commodity for foundry use. 

Some of the finest castings the industry has ever 
produced were made of sands just that simple. The 
great works of Cellini and other master molders of 
his era were, according to recorded history, made in 


$4-93 


























L. L. CLARK 


molds of sand and water only. These works have been 
illustrated in numerous foundry magazines and books 
and are familiar to all of us. The character of the 
work produced shows a complete understanding of 
the arts and good appreciation of the qualities of 
the mold material. Naturally we could not spend 
the amount of time making commercial production 
molds that was spent making these, but possibly we 
should give this accomplishment some thought. 

It is advantageous from time to time to re-survey 
the fundamentals of any process and evaluate our 
use of them to determine whether or not most econ- 
omical results are being obtained. The first thing 
to be scanned would be the basic sand itself. If the 
rich pieces of Cellini and his associates were made in 
sand and water, what are we doing with several main 
constituents and the numerous additives that flood 
the industry. Possibly these things should be looked 
upon merely as confusing the issue. There may be 
so many effects and counter effects that true recogni- 
tion of the facts is well near impossible. The assump- 
tion is generally made and accepted that it is neces- 
sary to have at least sand, binder and water to make 
a mold, From that point on the mystery thickens. 
Why then the introduction of all the other com- 
ponents? Certainly all that have been tried cannot be 
justified, but a consideration of the fundamental re- 
quirements of our industry will explain the necessity 
for the multiple unit sands. 


Sand Permeability Conducive to Smooth Surface 


A display of castings in a museum will show defin- 
itely that while Cellini was producing his master 
works, there were other founders hard at work mak- 
ing less impressive products. There is no doubt that 
the effect of permeability had come to the attention 
of the foundryman at this early stage. The passage 
of smoke through porous material is such a _ basic 
function that it could hardly have been missed. This 
would explain the differences in the surfaces of many 
of these old pieces. It also reflects the artist molder’s 
technique and attention to details and fundamentals 
which permitted him to use the fine-grained materials 
successfully, while less conscientious founders were 
forced to use the coarser sands. What was true then 
is true today. Foundrymen with access to the same 
materials turn out vastly different products showing 
we still have the Cellinis and the others. 

The most basic fundamental is the preparation 
of the sand. The results obtained with a given sand 
will vary directly with the quality of the preliminary 
steps. Several mixers and mullers are available and 
in use today. Each has its inherent characteristics 
and these must be understood. Sands will react some- 
what differently in each. However, satisfactory re- 
sults can be obtained by definite procedures for spe- 
cific equipment and sands. If the most effective and 
economical use of the sand is to be made, a test pro- 
gram to establish the optimum physical properties 
obtainable from the system must be carried out, and 
the results interpreted into a practice which is kept 
in use. 

The responsibility of sand formulation and prep- 
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aration should as a general rule be vested in one man. 
Someone should be chosen who will understand the 
effects of the various components, appreciates the 
seriousness and importance of the assignment, and 
does not consider it as just another side line in the 
overall picture. 


Sand Control Requires Unified Supervision 


To illustrate the results of improper consideration 
for the importance of this task, the following is 
offered: in Foundry A which had a two-shift opera- 
tion, the assistant superintendent each turn took upon 
himself the operation of the sand system in a com- 
pletely independent manner. The laboratory reports 
were checked and it was observed that the green 
strength was dropping. Each man added bond during 
his shift. Shortly there were shakeout and cleaning 
troubles as well as the appearance of defects in the 
castings. Only when the clay content was determined 
at 18 per cent were the separate orders discovered 
and the cause of the troubles brought to light. This 
episode cost many dollars before all salvage was com- 
pleted and the system put into operating condition 
again. Under the proper type of unified supervision, 
this would not happen. Some exceptions may exist in 
jobbing shops where widely diversified floors are main- 
tained, but still individuals could be assigned to 
specific areas and thereby exert the proper control. 

Now that it is agreed to use adequate mulling, and 
the supervisory control has been centralized, what 
else should be done in the line of direct control? The 
accurate compounding of the sand formula must be 
carried out or all the rest of the work will be lost. 
The best method is weighing. This is a simple process 
and one that is widely used and which may be done 
with readily available equipment. Various types of 
feeders may be used which will deliver a definite 
amount of material in a given time. Whatever method 
is used, it must be accurate and reliable if uniformity 
is to be maintained, 


Moisture Control In Sand Is All Important 


Probably the most abused foundry material is mois- 
ture and, of course, it is detrimental when carelessly 
used. Frequent checks must be made if the water is 
not weighed under closely controlled conditions. The 
constant use of quick testers throughout the molding 
floor and sand preparation areas should not be under- 
estimated in value. In a system which controls sand 
composition closely, the feeling of sands to judge 
moisture is reasonably effective; but in cases where 
the bonds are allowed to vary widely or fines are not 
controlled, this check is not as reliable as many think 
it to be. 

Since moisture affects more properties of the sand 
than any other single constituent, it is a “must” on 
the control list. In the sand it affects green strength, 
dry strength, permeability, flowability and ramma- 
bility. It is also reflected in the condition of the cast- 
ing surface, hardness and structure. With all these 
considerations, moisture appears to be the one most 
important material. It is apparent that too much stress 
cannot be put on the basic control of its percentage 
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range. The absolute range will vary with the type of 
sand, but one general rule may be applied; namely, 
the use of the lowest amount of moisture that will 
make a satisfactory mold! 

The first responsibility of the foundryman is to 
produce castings which will develop customer accep- 
tance. Without this, obviously, he cannot hope to 
expand his business and maintain his competitive 
position. For the past few years since the war, there 
has been a concerted effort on the part of the casting 
customer to force an improvement in casting finish 
and general appearance. This is a property of the 
casting that either has been considered lightly by 
many foundrymen, or one which they have not been 
able to control. 


Smooth Casting Surface A Customer Requirement 


Much work has been done on this phase and much 
of it has been described in numerous articles, which 
point the way toward better surface and how to 
achieve it. However, in order to take advantage of 
this market developer, definite steps must be taken, 
changes made, and controls established to assure its 
uniformity. 

The first consideration again is proper preparation 
of the sand. This includes adequate mixing, accurate 
additions of materials, control of moisture, and the 
right choice of constituents. The current concern 
about finish has brought forth many discussions of 
the types of sands to be used and the grain size. 

The table below is the result of a survey of opinions 
which lists the recommended AFS fineness number to 
produce acceptable finish for various casting weights, 
and the number in general use. 





Fineness No. 


Casting Weight, Lb 
Recommended General Use 





Light casting work 


1 to 15 100-105 75-80 
15 to 50 85- 90 60-65 
50 to 100 60- 65 50-55 

Heavy shop operation 
to 50 -100 70-80 
to 125 75- 80 55- 
125 up 50- 55 40-50 





It is generally recognized that the AFS fineness 
number is a good index and has been a useful tool, 
but consideration must be given to the sand distri- 
bution on the screens. 


Multi-Screen Sands Produce Smooth Surfaces 


Some leading sand technicians have correlated 
finish with various types of screen distribution curves, 
and have proven conclusively that use of sands which 
spread over three to five screens with some uniformity 
is basically better for producing superior casting sur- 
faces than use of those that peak noticeably on a single 
screen. We know from permeability studies that use 
of a single size material will give the most open mass, 
thereby offering more opportunity for penetration. 

Use of varying particle sizes will correct this, since 
the smaller grains will lie between the larger, varying 
the size of the voids. This is the function of multiple- 
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screen sands. The choice of the proper range of screens 
will give satisfactory results. 

A fine example of the awakening of a foundryman 
to.the possibilities of using these fundamentals came 
to the writer's attention a few months ago. A request 
came in from a casting consumer to visit his plant 
for a discussion on casting quality. The particular 
casting which was the subject of conversation was a 
hemispherical base for a desk microphone. It was 
merely a weight and had no physical property re- 
quirements—except density. However, it had to be 
plated, so the surface was important. The sand used 
certainly must have been torpedo sand. The cost of 
finishing was several times the original cost of the 
casting. It was even a bad example of what many 
foundrymen refer to as a commercial casting. 

Exhibit B was a shell molded casting which would 
require only a buffing. This had been furnished by 
a competitor who wished to get into the act. The 
regular supplier, upon viewing this casting, became 
concerned about his market, and about three weeks 
later reappeared with a respectable sample which, 
he said, would be furnished in the future at no in- 
crease in cost. 


Smooth Casting Surfaces Attainable 


The customer’s question was, “What did he do to 
make this improvement, and why didn’t he do it 
before when we asked him to help us?” The next 
question was, “Can we expect this to be applied to 
the rest of these castings, or is that asking too much? 
If not, and he won't do it, are other foundries able 
to do it?” 

This man was the company’s design engineer, the 
man who specified whether the parts would be cast, 
die cast, forged, welded, or machined from bar. Cer- 
tainly he was a man who should be impressed with 
the potential of castings, and not one to be disgusted 
with the industry. Not only does this affect his own 
decisions, but those of his friends who respect him. 

He was indignant, and had every right to be. His 
company had been lenient with the foundry, and the 
supplier had taken advantage of him. Not until a 
direct threat to the business appeared did the foundry 
make any effort to improve the product. What had 
happened was obvious. The foundryman applied the 
proper fundamentals to his sand pile and obtained 
results. There is little doubt that when this practice 
was used in the entire foundry, the operation became 
more efficient. The scrap and repair castings must 
have been reduced in number, and the improved pro- 
duct would bring customer good-will. Since this is the 
direct result of an effort of this type, it should not be 
necessary for the customer to drive the supplier into 
a more profitable operation of his own business. 

Fortunately for the industry and its customers, most 
foundries are interested in taking the initiative and 
offering the results of progress to the consumer. 

The antithesis of the above sand condition is the 
fact that screen analyses of operating sands have 
actually shown as high as 30 to 35 per cent of pan 
materials. This certainly can only cause trouble. The 
balance of moisture, green strength, bond, and per- 
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meability is completely upset by this situation. The 
proper use of system collectors should regulate the 
analysis and eliminate such problems. In the absence 
of this equipment, the checking of the sand, and the 
judicious addition of coarser sands should keep the 
pile in workable condition. 

Better finish will be a challenge to the foundryman 
for some time to come. Producers may well recognize 
this and take steps to aid in the program. Some of 
the New Englanders are now producing castings in 
sands with AFS numbers of approximately 200. The 
use of mold materials of this type demands not just 
sand control, but the understanding and application 
of over-all good foundry practice. Attention to gating 
design; application of the best molding procedures; 
proper pouring techniques; and controlled melting 
must accompany the above if a successful operation 
is to result. 

Use of bonds requires more thought than just to 
add an adequate amount of clay. A great deal of in- 
vestigative research has been done on the effects of 
the various types of mineral binders. It has been well 
established that they influence several properties of 
the sand, but not all in the same manner. 

The principal use is to maintain proper green and 
hot strength. Beyond these a direct influence is exerted 
upon the expansion and contraction, the moisture and 
reaction, surface adherence on the casting, perme- 
ability, flowability and rammability. 

The general consensus now is that a blend of clays 
is more desirable than single use of any one. Fire- 
clay, as a base material, is considered good practice. 
This is a mild binder and should be used as a sub- 
stantial portion of the requirement. Reasonable vari- 
ations in its concentration will not widely change 
the properties of the sand. Between the level of 
strength furnished by the fireclay and the total re- 
quired, adjustments are made with bentonites. 


Influence of Bentonite Binders 


The southern and western bentonites have specific 
properties and should be considered as two separate 
materials. In general, however, they are most effective 
when used as a blend. 

Both clays increase green strength and then vary 
somewhat in other properties. The western type gives 
high hot strength and is durable in repetitive use. 
This may cause shakeout and cleaning trouble if used 
in excess. It also causes expansion in the sand, which 
may occur at a critical time in the casting solidifica- 
tion process and result in shrinks or draws. 

Southern bentonite does not maintain hot strength 
as well, and thus aids in peeling of the sand from 
the casting, which contributes to better shakeout and 
cleaning. This bond tends to minimize expansion of 
the sand and is beneficial in reducing defects attribut- 
able to this reaction. It is not as durable under cast- 
ing conditions as the other clays and as a rule is not 
used alone. 

A well balanced blend of these bonds will do much 
to provide a satisfactory sand and good castings. 

With these fundamentals and requirements in mind, 
the choice of a sand must be considered. One of the 
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prime factors is the economics of the most available 
sands. The current freight rates have changed the 
feasible areas in which a given company may obtain 
materials. However, a sand which does not produce 
salable castings is not cheap at any price. The choices 
are natural and synthetic or blended sands and their 
variations. Each has advantages and disadvantages. 


Use of Natural Sands 


The natural sands may be more desirable for small 
shop operations because they do not require as much 
equipment for preparation. However, this does not 
mean that they are foolproof and require no atten- 
tion. The usual damaging effects of molten metal 
apply to these sands as to any other molding material. 
High temperatures destroy bonds which must be re- 
placed. Some testing is essential for the production 
of good castings. While the moisture range as a rule 
may be greater than with synthetic sands, it should 
be under control. The all-important permeability 
check will point up the trend of the grain struc- 
ture. Strength tests will show the necessity for the 
addition of new materials. It is difficult to imagine 
the shop that is so small that these tests would not be 
of economic value. The equipment cost and skill of 
operation is certainly not beyond the scope of the vast 
majority of the small foundries. 

Synthetic sands offer several advantages to medium 
to large volume producers. By blending the available 
constituent materials, sands with a wide variety of 
characteristics may be formulated. Grain size, per- 
meability, refractoriness, and mixtures of bonds may 
be achieved at will. In some cases, use of a single sand 
is spread over too wide a range of casting sizes in the 
attempt to make a shop a “single sand” operation, and 
in such cases difficulties arise which cannot be con- 
strued as a disadvantage of. synthetic sand, but only 
the misuse of it. 

The advantages of the two types of sands should 
not be interpreted to mean that any sand can be used 
without the application of the fundamentals we are 
discussing. While some may apply to one sand and not 
to the other, it is essential that all necessary controls 
be exerted to achieve the best production quality and 
economy. 

What does the proper and continued use of these 
fundamentals mean to the foundryman besides more 
effort and apparent expense? 


Sand Additives in Sand Technology 


The foundry supply industry made definite contri- 
butions in assisting the foundryman in his search for 
better methods and materials for the production of 
quality castings. Of importance to sand technology 
has been the development of sand additives. The 
flours of wood, cereal, and inorganic nature are capa- 
ble of significant benefits to the foundry. The term 
“cure-all” can hardly be applied to them. Like any 
product, they are designed to have certain functions 
under definite conditions. This consideration should 
be given to them. 

If the foundryman is to take advantage of the better 
cleaning, improved flowability, controlled expansion 
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and contraction, better finish, or other specific prop- 
erties they offer, a uniform base sand should be sup- 
plied. A poorly prepared system sand may well coun- 
teract much of the effectiveness of the additives and 
the expense of their use will not be justified. 

A well controlled system is advantageous to the 
foundryman and supplier alike. A constant base sand 
will permit the user to determine the benefits or in- 
effectiveness of the product being tested. It will elimi- 
nate coincidental apparent improvements which will 
not hold over a period of time. Also, it gives the sup- 
plier a just evaluation on his product, since its effec- 
tiveness is not submerged by an unbalanced condition 
of the sand. Neither will it give him a false impression 
of its value which might be embarrassing on sub- 
sequent usage. 


Casting Dimensional Tolerances 


No enlarging need be made on the attention being 
given to casting tolerances at this time. Of course, 
many things influence these dimensions: the condition 
of flasks, bushings and pins, patterns, jigs and fixtures, 
molding machines, molding practice, personnel, and 
many others; the sand, however, plays an important 
part also. 

The following table which has been published in 
AMERICAN FOUNDRYMAN can be used as a guide for 
considering limits of well controlled dimensions: 








Dimensions As-Cast Tolerances 
2 in. +0.010 in. 
4 in. +0.020 in. 
6 in. +0.030 in. 
8 in. +0.040 in. 
10 in. +0.050 in. 
12 in. +0.060 in. 





Most certainly, even if all the conditions above are 
as they should be, these tolerances could not be held 
if the sand would not flow around the pattern prop- 
erly. If the green strength were low and mold defor- 
mation occurred, or the bonds caused excessive mold 
wall movement, or other fundamentals had been dis- 
regarded, these limits could not be attained. 

Demonstrations in production have been made, 
proving that castings can be made within these ranges. 
There are design features in some castings which 
could not be overcome, to be sure, but better control 
will give closer dimensions on an over-all industry 
basis. 

In the efforts to cut scrap and repair costs in many 
foundries one of the major problems is the proper 
interpretation of the causes of defects. Some defects 
are clear-cut and of a single definite cause. This is 
not true of many, however. There are rather complex 
situations involved, and this can be borne out by a 
general discussion by a fairly large group of foundry- 
men. Each will analyze the trouble in the light of 
his own experience. The improper interpretation of 
the cause and the wrong choice of a remedy can be 
costly to a foundry. 





FUNDAMENTALS MAKE BETTER CASTINGS 


The definite benefit of a well formulated and con- 
trolled molding sand in this phase of foundry opera 
tion is obvious, If the sand has good molding prop- 
erties, the appearance of penetration will call atten- 
tion to the molder. Misruns must be answered by the 
pattern shop, the metal pourer, or the melter. The 
effects of moisture on hard corners could be dis- 
counted and the metallurgist would be held respon- 
sible. Swells would be a direct reflection of the mold- 
er’s improper procedure. These are a few illustrations 
of the clarification of the defect interpretation and 
the definition of responsibility. The economic impor- 
tance of this program is well known to all. 

Loss of productive labor time can narrow the pro- 
fit margin materially. The condition of the sand has 
a direct bearing on this expense. If the molder is 
required to tuck the sand on the pattern, hammer 
the hopper excessively, clean the pattern due to sand 
adherence, replace broken molds, jolt and squeeze 
more than should be necessary, or take time to clean 
up drop-out sand, production rates suffer. Delays of 
this type affect not only the efficiency of the molder, 
but all related activities and their personnel. 

Good sand practice will cut costs in all the sub- 
sequent operations in the foundry. Shakeout, cleaning, 
inspection, and repair expenses and even freight are 
reduced by the greater efficiency of good molds. 

It has been one purpose of this presentation to point 
out that while many superficial changes have been 
made in the foundry industry and particularly in the 
sand equipment and materials field, the real basic 
fundamentals that mean success or failure have re- 
mained pretty much the same. By superficial is meant 
either the features that have helped for a period and 
then have been replaced by the results of further de- 
velopment, or those that give refinement to the 
method of manufacture. 

Finally, if your share of the market is stable, your 
production maintains a good rate, your scrap is at 
a low figure, your repair costs are in line, your ma- 
terial costs are under control, and you are capable of 
meeting the changing demands of the times, you may 
be sure that as varying phases have come and gone 
in the foundry industry, you have not lost sight of 
the fact that the fundamentals are the stars and other 
items are the supporting players. The proper decision 
of accepting or rejecting changes can only be arrived 
at by the analysis of their relation to the basic funda- 
mentals. 

However, if you are not in this position, then the 
signs are «early written. It will be absolutely necessary 
for you to become familiar with the fundamentals 
that affect your operation and apply them well if 
you expect to achieve and hold a good economic posi- 
tion in the foundry industry. 
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ALLOYING AND HEAT TREATING 
SPHERULITIC GRAPHITE CAST IRON 


By 


C. C. Reynolds* and H. F. Taylor** 


ABSTRACT 

Work for Watertown Arsenal during 1950-1951' explored 
properties of spherulitic irons having widely varying composi- 
tions in the as-cast condition; also properties of these irons 
heat treated to produce an all-ferritic matrix. Processing vari- 
ables and effects of section sizes from V4 in. to 6 in. were also 
investigated. ET 

In May, 1953, a paper® was prepared from this material which 
showed it was possible to predict with accuracy the mechanical 
properties of fully-annealed spherulitic irons from their chemi- 
cal compositions. 

This paper discusses further work on the mechanical prop- 
erties of alloyed spherulitic irons in the as-cast and heat-treated 
conditions. This time work included quenching and tempering, 
and the effects of elements and various standard heat treating 
procedures on mechanical properties of alloyed irons. The effects 
of these variables on the separate phases of the microstruc- 
ture, as well as on overall mechanical properties, hardenability, 
and temper products were studied. Comparisons were made 
between spherulitic irons and steels with respect to their 
response to alloying and heat treatment. 


Introduction 


Spherulitic cast iron (also called spheroidal, nodu- 
lar, and ductile cast iron), a new ferrous casting alloy 
introduced in 1948, has found a place among the 
structural metals because of its unique properties and 
reasonable cost. Spherulitic cast iron has the fluidity 
of gray cast iron, the strength of steels with adequate 
ductility, and even better machinability than gray 


cast iron of comparable hardness. As an indication of. 
its versatility a given piece of spherulitic iron may, 


have the properties of (1) a ferritic matrix (75,000 . 


psi tensile strength with 25 per cent elongation), . 
2) a pearlitic matrix (110,000 psi tensile strength. 


and 5 per cent elongation), (3) a tempered martensitic 


matrix (160,000 psi tensile strength with 2-5 per cent’ 
(4) various combinations of these. 


elongation), or 
properties, depending upon the heat treatment used. 
Research from August 1950 to August 1951! resulted 
(1) in understanding how to produce the material 
dependably and reproducibly, (2) determining that 
it had dependably reproducible mechanical proper- 
ties, and (3) in measuring effects of chemistry and 
processing variables on the mechanical properties of 
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spherulitic cast iron in the as-cast and fully annealed 
conditions. 

Most published work to date has been based on 
metal of compositions considered more or less 
“normal” for spherulitic cast iron; i.e. compositions 
approximating 3.00 to 3.75 per cent carbon, 2.0 to 3.5 
per cent silicon, 0.20 to 0.70 per cent manganese, 0.05 
to 0.25 per cent phosphorus, and nickel, copper and 
other elements not exceeding about 2 per cent total. 
It was believed mechanical properties might be en- 
hanced by better combinations of the normal ele- 
ments present, by alloying and by heat treating. 

Alloying might be made to enhance properties by - 
(1) reducing the amount of stable, gross carbides in . 
as-cast thin sections, (2) retaining austenite, (3) con- 
trolling the relative amounts of ferrite and pearlite 
for a given section size, and (4) strengthening the 
ferrite and pearlite. Heat treatment could be varied 
to obtain hardness, strength, ductility, impact, and ° 
machinability either superior to or not possible in, 
as-cast material. Heat treatment might also afford 
closer and more positive control in attaining high 
mechanical properties. 


Plan of Research 


Spherulitic irons were to be produced from various 
combinations of high and low percentages of C, Cr, 
Cu, Mg, Mn, Mo, Si and V. Each composition was to 
be cast into Y-blocks 4, Y, 1 and 2 in. thick to deter- 
mine effects of variation in section size. The effect 
of alloys, per se, and of combinations of alloys on 
the graphite, ferrite, and pearlite phases, and upon 
mixtures of these phases were to be investigated. Also, 
it was planned to determine if the as-cast microstruc- 
ture could be predicted from a knowledge of the 
chemistry, solidification rate and cooling rate. Much 
of the material produced would be used for investigat- 
ing the amenability of spherulitic iron to heat treat- 
ment. 

Spherulitic irons were to be heat treated to pro- 
duce matrices of pearlite, acicular ferrite and bainite, 
martensite and the temper products of martensite. 
For promising structures, the effect of variations in 
chemistry would be determined, and if quenching 
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and tempering proved feasible, the influence of alloy- 
ing on hardenability would be measured. 

Throughout the research on alloying and heat treat- 
ing, results obtained for spherulitic irons of different 
matrices were to be compared to similar matrices of 
steel. 


Experimental Procedure 


Details of the foundry equipment and melting 
practice may be found in Report No. 1, or the 
TRANSACTIONS of the American Foundrymen’s Society,! 
vol. 60 (1952) and will not be repeated here. 


TABLE |1—CLASSIFICATION OF ALLOYING ELEMENTS 
By TuHeir Errects ON CARBON AND IRON 














Carbon Iron 
Increase Decrease 
Stability Stability 
Graphitizers Carbide Formers of Austenite of Austenite 

Si Mn Ni Si 
Ni Cr Mn Cr 
Ti Mo Cu Mo 
Cu Vv V 
Al Ti 
Al 





It would be an almost endless task to investigate 
all combinations of alloying elements at different 
amounts of alloys. However, since all alloying ele- 
ments affect the carbon and the iron in known manner 
(as indicated in Table 1) a labor-saving program of 
research was adopted. By selecting (1) a graphitizer 


that increases the stability of austenite, (2) a graph- ' 
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itizer that decreases the stability of austenite, (3) a, 


carbide former that increases the stability of austenite, 
and (4) a carbide former that decreases the stability 
of austenite, four new variables are created which, 
with carbon and section size, represent all the vari- 
ables to be investigated. The number of variables is 
decreased from.10 to 6, and it is feasible to investi- 
gate all essential combinations of high and low per- 
centages of Ni, Si, Mn, Cr, C, and section size. To find 
effects of other elements, such as V, it is necessary 
only to correlate V with the investigated element, Cr, 
of the same category. 
Actual values of the variables investigated are 
listed below: 
C, = 2.65% 
C, = 3.30% 
Si; = 2.30% 
Si, = 3.30% 
Mn, = 0.04% 
Mn, = 0.45% 
Section Size: 4-in., 14-in., l-in. and 2-in. Y-blocks 


Cr, = 0.03% 
Cr, = 630% 
Cr, = 0.30% 
pa = F% 


aed 
Na = 2%, 


The actual heat schedule used is given in Table 
2. The procedure for a multiple heat was to produce 
300 lb of high-quality spherulitic iron in a well-pre- 
heated bull ladle having a cover. A No. 30 crucible 
was filled with 100 Ib of iron from the bull ladle and 
at the start of reladling the post inoculant and late 
alloy addition were added. The first ladle, containing 
the hottest metal, received the largest alloy addition 
and the last ladle the smallest. Three ladles were 
taken from the same bull ladle, so the residual mag- 


TABLE 2—-EsTIMATED AMOUNTS OF CONSTITUENTS PRESENT IN THE MICROSTRUCTURES OF THE As-CAsT MATERIAL 





Per cent Ferrite 


Per Cent Gross Carbide 





Section Size, 


Section Size, in. 





Alloys 4 ly ] 2 Total \ WE l 2 Total 

Base Iron of 

3.30% C and 3.30% Si 
Base 5 25 50 25 105 20 0 0 0 20 
Ni 10 10 10 10 40 4 0 0 0 4 
Mn 4 t 4 16 (30) 10 2 0 42 
Cr 10 20 50 40 120 25 4 0 0 29 
Ni Mn 4 l 4 2 11 8 0 0 0 3 
Ni Cr 5 8 10 5 28 2 0 0 0 2 
Mn Cr 0 0 l l 2 (35) 10 6 0 51 
Ni Mn Cr 2 2 4 2 10 10 0 0 0 10 

Base Iron of 

3.30% C and 2.30% Si 
Base 0 5 6 6 17 50 15 10 0 75 
Ni 0 5 3 8 11 25 3 2 0 30 
Mn 0 0 2 l 3 50 20 l 0 71 
Cr 0 2 2 2 6 50 15 0 0 65 
Ni Mn 0 0 0 0 0 50 10 9 0 69 
Ni Cr 0 0 0 0 0 50 20 10 0 80 
Mn Cr 0 0 0 0 0 (75) 50 30 10 140 
Ni Mn C1 0 0 0 0 0 50 20 10 0 80 

Base Iron of : 

2.65% C and 2.30%, Si 
Base 0 0 5 5 10 40 20 5 0 65 
Ni 0 0 0 2 2 (50) 30 20 0 100 
Mn 0 0 0 2 2 (50) 25 20 3 98 
Cr 0 0 2 5 7 75 50 5 l 131 
Ni Mn 0 l 3 8 (50) 25 13 0 88 
Ni Cr 0 0 2 2 4 (50) 20 10 2 82 
Mn Cr 0 0 0 0 0 (75) 50 30 6 16] 
Ni Mn Cr 0 0 0 0 0 (50) 20 10 2 82 


Note: Pearlite constitutes the remaining percentage. 


()Designates extrapolated values. 
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1/4-in. Y 





14-in. = 


l-in. Y 


2-in. Y 





%C %Si %JNi JoMn %Cr %C %Si JNi %Mn %Cr 
3.19 2.34 1.11 0.45 0.03 3.19 2.29 1.11 0.06 0.27 


Fig. 1—Effect of alloys (Mn and Cr) and section size on microstructure. As-cast; nital etch; 100X. 


nesium was essentially constant. Y-blocks (14 in., the different sections for one combination is included 
in., | in., and 2 in.) were poured as rapidly as pos- in Fig. 1. A summary of the constituents present in 
sible (risers covered with rice hulls) and the castings the microstructures is also presented in Table 2. 

allowed to cool overnight before being removed from To be sure heat treatment was proper, it was 


: the molds. A typical series of photomicrographs of necessary to determine the A, temperature for metals 











Fig. 2—Typical microstructures showing effect of 
temperature on amount of austenite (martensite) capable 
of forming. A, 1400 F; B, 1500 F; C, 1600 F. (3.44% 

C and 2.15% Si, 24 hr at temp, water quenched ). 

Nital etch; 100X. 
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containing certain alloys. This was done by heating 
a specimen (4 in. x 4 in. x | in. of each composi- 
tion studied) to the desired temperature, holding at 
temperature 24 hr, and water quenching. Each com- 
position studied was investigated at 1400, 1500, and 
1600 F. Specimens from each composition were also 
held 3 hr at 1750 F and water quenched to make 
certain it could be completely austenitized. Typical 
microstructures are given in Fig. 2 and the hardness 
and per cent ferrite for each composition is listed 
in Table 3. 

To determine the length of time necessary for com- 
plete austenitizing small pieces (14 in. x 4 in. x ] 
in.) of pearlitic and ferritized material were placed 
in a preheated resistance furnace (1750 F) and at 
selected intervals (1, 2, 3, 4, 5, 6, 8, 10, and 30 min) 
one piece of each different material was air-quenched 
and one water-quenched. Hardness is plotted as a 
function of time in Fig. 3 for these two materials. 
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Fig. 3—Effect of time at austenitizing temperature 
(1750 F) on hardness of water and of air-quenched 
specimens. (3.0% C, 2.0% Si, 0.25% Mn, 
0.02% P, 0.015% S, 0.065% Mg and 

1.0% Ni). 


To produce bainite and acicular ferrite structures, 
specimens (14 in. x | in. x | in.) of a 3.4 per cent 
carbon and 3.0 per cent silicon spherulitic iron were 
austenitized at 1750 F for 30 min, quenched into a 
lead bath at 650 F, held for selected times (between 
6 min and 7 hr), and quenched into water. Similar 
experiments were also made quenching in the lead 
baths at 800 and 1100 F. Spherulitic iron of composi- 
tion 3.4 per cent carbon, 3.0 per cent silicon and 0.50 
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Tas_e 3—Errects Or Composition AND TEMPERATURE ON THE AMOUNT 
OF AUSTENITE (MARTENSITE) CAPABLE OF FORMING 








Temperature: 1400 F 1500 F 1600 F 1750 F 
Rock- Rock- Rock- Rock- 
by well B % well B % well C % well C 
Fer- Hard- Fer- Hard- Fer- Hard- Fer- Hard- 
Composition Variable rite ness rite ness rite ness rite ness 
Per Cent Managnese 0.24 100 74 100 86 10 40 0 56 
(3.30%C and 3.16%Si) 0.67 100 4 100 88 5 50 0 56 
0.92 100 80 8&5 89 50 30 0 55 
Per Cent Phosphorus 0.04 100 84 95 91.5 75 15 0 57 
(3.33%C and 3.41%Si) 0.08 100 84 95 91.5 25 45 0 58 
0.16 100 83 100 9] 100 13 0 54 
0.34 100 78 100 93 30 30 0 56 
Per Cent Carbon 2.26 100 71 97 94 7 19 0 58 
(3.13° Si) 2.45 100 87 97 89 13 43 0 59 
3.00 100 82 95 89 5 46 0 58 
3.55 100 83 90 90.5 5 46 0 57 
4.00 100 83 100 88 20 27 0 55 
Per Cent Silicon 1.76 100 82 40 41Ro 0 59.5 0 53 
(3.38%C) 2.15 100 82 50 30R. 0 58 0 57 
2.78 100 80.5 80 15Re 0 54 0 54 
3.17 100 81 99 87 2 51 0 55 
3.73 100 89 95 93.5 30 38 0 53 
4.38 100 8&5 100 98 100 98R, 0 53 
Per Cent Nickel 0.0 100 81 100 88 50 2) 0 56 
(3.33%C and 3.1%Si) 0.85 100 81 99 87 2 51 0 55 
1.39 100 82 70 23R. l 53 0 56 
molybdenum were also heat treated by the same pro- TABLE 4—-HARDNEsSS OF ACICULAR PRODUCTS 


cedure. All samples were examined microscopically 
(Fig. 4). The hardness of each sample is tabulated in 
Table 4 and the microconstituents observed were 
noted as shown. 

Normalizing was performed by heating specimens 
to 1750 F, holding for | hr, and cooling in air; stand- 
ard l4-in. test bars were used, and were protected 
during heat treatment in a graphite block commonly 
called a “diamond block.” Spherulitic irons contain- 
ing various amounts of silicon (1.75, 2.25, 2.75, 3.10, 
3.50 and 4.0 per cent) were normalized; the micro- 
structures of the 1.75 and 4.0 per cent Si irons are 
shown in Fig. 5. Tensile properties and hardness are 
given in Fig. 6. 

Preliminary to actual tests for formation of mar- 
tensite and its temper products, specimens were 
quenched from 1750 F into (1) oil and (2) liquid 
nitrogen (-321 F) to determine the amount of retained 


We 





INVESTIGATED AND ESTIMATED AMOUNTS OF 
CONSTITUENTS PRESENT IN THE MICROSTRUCTURES 





erature, F 


Temp- 


lime, min Microconstituents 





(3.60%C, 2.80%Si, 0.50% Mn, 0.05%P, 0.02%5S, 
0.92% Ni, and 0.078% Mg) 
650 8.3 15%, Acicular Ferrite—85% 
Martensite 
650 16.7 80% Acicular Ferrite—20% 
Martensite 


650 71.7 Acicular Ferrite 

800 8.3 Acicular Ferrite 

800 60.0 Acicular Ferrite 

800 420 Ferrite Grains—Acicular Ferrite 

1100 5.8 95%, Pearlite—5% Ferrite at Grain 
Boundaries 

1100 14.2 95%, Pearlite—5% Ferrite at Grain 
Boundaries 

1100 52.0 95°, Pearlite—5% Ferrite at Grain 


Boundaries 


(3.279% C, 2.38%Si, 0.03%Mn, 0.04%P, 0.02%S, 
1.02% Ni, 0.065% Mg, and 0.50% Mo) 


650 8.3 80°, Acicular Ferrite—20% 
Martensite 
650 16.7 80%, Acicular Ferrite—20% 


Martensite 


650 91.7 80%, Acicular Ferrite—20% 
Martensite 

800 8.9 Coarse Acicular Ferrite 

800 60.0 Coarse Acicular Ferrite 

800 420 Coarse Acicular Ferrite 

1100 5.8 10°, Pearlite—l0% Ferrite— 
80%, Martensite 

1100 14.2 10% Pearlite—10% Ferrite— 
80°, Martensite 

1100 52.0 56% Pearlite—50%, Ferrite 





Fig. 4—Acicular transformation product produced by 
holding 1 hr at 800 F (3.27% C, 2.45% Si and 
0.50% Mo). Nital etch; 800X. 











1.75% Si 
Fig. 5—Effects of silicon content on microstructures of normalized ¥4-in. tensile bars; 
3.38% C. Nital etch; 100X. 
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Fig. 6—Effects of silicon content on mechanical 
properties of normalized and of quenched and 
tempered spherulitic iron. (3.38% C, 0.27% Mn, 
0.34% P, 0.016% S, 0.065% Még and 
0.85% Ni). 


austenite existing after an oil quench. Small speci- 
mens were also quenched and tempered at various 
temperatures for varying lengths of time to establish 
the approximate range of interest (Fig. 7). 

To minimize decarburization during heating, stand- 
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Fig. 7—Effect of tempering temperature and 
time on hardness of martensitic spherulitic iron. 3.00% C. 
3.14% Si, 0.24% Mn, 0.079% P, 
0.016% S and 0.04% Mg). 


ard l4-in. tensile test bars were machined oversize 
(0.001 in.-0.002 in.), coated with soot, and austenitized 
in an open-ended diamond block. After heat treat- 
ment, the test bars were polished to final dimensions 
and tested in a 200,000 Ib Tate-Emery hydraulic 
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1300 F 


Fig. 8—Effects of tempering temperatures on microstructures of martensitic spherulitic irons tempered 
1 hr. (3.0% C and 3.14% Si). Nital etch; 800X. 


machine. The specimens were austenitized for | hr 
at 1750 F and quenched singly in oil; the bars were 
quenched in a vertical position to minimize distortion. 
Tempering below 1050 F was done in an air furnace, 
and above 1050 F in a resistance furnace. 

Two test bars were tempered | hr at each of the 
following temperatures: 400, 600, 800, 1000, 1200, 


and 1300 F. Test bars were also held for 0.5, 1.0, 
1.5, 4.0 and 6.0 hr at 800 F, and 0.1, 0.2, 0.5, 1.0, 
2.0 and 4.0 hr at 1000 F. Microstructures are given 
in Fig. 8 and 9 and tensile test data in Fig. 10 and 
11. 

The effect of size of tensile specimen was investi- 
gated; two \4-in. and two l4-in. tensile specimens 
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As-Quenched 0.1 Hr 





0.2 Hr 








2.0 Hr 4.0 Hr 


Fig. 9—Effects of tempering times on microstructures of martensitic spherulitic irons tempered at 1000 F. 
(3.0% C and 3.14% Si). Nital etch; 800X. 


were tested in (1) the as-cast, pearlitic state and (2) 3.73 and 4.38 per cent. The mechanical properties 
the fully-annealed, ferritic state and good agreement are given in Fig. 6. 
was found. 

The effects of variations in chemistry were studied 
by quenching two specimens (14-in. tensile test bars) Results of this investigation will be discussed under 
and tempering at 950 F for 2 hr using metal of each separate heading to clarify and delineate the program 
of the following silicon contents: 1.76, 2.15, 2.78, 3.17, of research, since so many variables were studied. 


Discussion of Results 
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Fig. 10—Effect of tempering temperature on 
mechanical properties of martensitic spherulitic 
iron tempered for 1 hr. 


A. Alloying 
In his work on the effects of alloying elements on 
unhardened steel, Dr. E. C. Bain used a_ logical 
approach to the problem. This is clearly described in 
his book Alloy Elements in Steel. His approach, 
highly simplified, was to consider the effects of the 
elements as follows: 
I. Distribution of the Common Elements in Annealed 
Steel 
II. Effects of the Alloying Elements Upon Ferrite 
1. Solid Solution Hardening in Pure Iron 
2. Solid Solution Hardening in the Presence of 
Carbide 
3. Constant Heat Treatment Versus Constant 
Structure 
III. Effects of the Elements Upon Carbide 


It would, of course, be desirable to conduct the 
same type experiments as Bain reports and to have 
not only an analysis of the effects of alloying ele- 
ments, but also to compare properties and charac- 
teristics of spherulitic iron directly with those of steel. 
The difficulty with such an approach is that steel 
exists according to the metastable Fe-Fe,C system, 
while spherulitic iron exists according to both the 
metastable and stable Fe-C systems. 

Since the carbide is in a state of transition to the 
stable system, it is not possible to study items, I, II-2, 
II-3 and III, per se. Solid solution hardening in ferrite 
can be investigated by studying the fully annealed 
structure—graphite and ferrite. Solid-solution harden- 
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Fig. 11—Effect of tempering time on tensile strength 
of martensitic spherulitic iron tempered at 1000 F. 


ing in the presence of carbides possibly can be ap- 
praised by a process of subtraction. Once the proper- 
ties of all ferrite and all pearlite are known, it might 
be possible to determine how properties of these 
microconstituents affect each other in combinations. 

Various heat treatments can be performed, but the 
only single matrix structure in unhardened spherulitic 
iron is the mixture of ferrite and graphite. A single 
matrix structure, such as 100 per cent pearlite, can be 
approached by normalizing or by use of a slow 
quench, but this heat treatment will not produce a 
completely pearlitic structure for all alloys. Spheru- 
litic iron always contains graphite, with its attendant 
effects on properties; steel does not have this added 
variable. The effects which can be investigated for 
the different alloys will be considered separately in 
the following sections, 
1. Effects of Alloys on Graphite 

Elements are not found directly alloyed with the 
graphite phase, but do affect conditions governing * 
nucleation and growth of the graphite. From the 
work comprising Report No. 1,! it can be generalized 
that increasing amounts of carbon and silicon in 
spherulitic iron cause more and smaller spherulites. 
Large percentages of phosphorus also have the same 
effects but phosphorus cannot be used as an alloying 
agent because of its deleterious effects on properties. 
Manganese and magnesium (between 0.04 and 0.10 
per cent residual) have no pronounced effect on the 
size and amount of graphite. These generalities are 
based on broad observations since rigorous conclu- 
sions on effects of alloys on graphite would require 
a meticulous count of the spherulites, a knowledge of 
their size distribution, and a correction for translating 
observed spherulite size on a plane surface to actual 
spherulite size in the matrix. An accurate measure- 
ment of spherulite size is fraught with many hazards. 
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2. Effects of Alloys on Solid-Solution Hardening of 
Ferrite 

The effects of chemistry on mechanical properties 
of fully annealed spherulitic iron were determined 
and presented previously. From the correlation of 
the mechanical properties given in that paper, it is 
possible to compare some of the solid solution effects 
of alloys on the ferrite in spherulitic iron, with values 
available for similar effects on steel. Probably the 
best data for steel are those taken from the work 
of Bain.* The hardening effects of elements in steel 
can be compared to the hardening effects of the same 
elements in spherulitic iron by taking the slopes of 
the lines in Fig. 40 in Reference 3 and comparing 
with the equations given for Bhn of ferritic spherulitic 
iron in Reference 2. This comparison is given in 
Table 5. 


TABLE 5—CONTRIBUTION OF ALLOYING ELEMENTS 
To THe HARDENING OF FERRITE 








Steel (Bhn) Spherulitic Iron (Bhn) 
Base Ferrite 70 79 
Phosphorus* 105 600—40 
Silicon* 36 29 
Manganese* 25 ll 
Nickel* 10 7 


*Increase in hardness for each per cent increase in element. 





It is important to notice the closeness of values 
for the base ferrite, since the hardness for spherulitic 
iron was determined theoretically; also, that the ele- 
ments are listed in the same order of decreasing hard- 
ening on a weight per cent basis. Each element also 
shows effects of similar magnitude for hardening 
spherulitic iron and steel. 


3. Effects of Alloys on Pearlite 

The best test for the effects of alloys on pearlite in 
this investigation is hardness data from the slowly 
cooled end of a Jominy bar, where the structure is 
largely pearlitic. Data from measurements of this 
type are given in Table 6. Varying either manganese, 
nickel, phosphorus, or silicon alone did not change 
the hardness or, by inference, the strength of the 
pearlite. Increasing carbon decreased hardness of the 
pearlite in excess of that expected from the increase 
in volume of graphite. Additions of Mn, Mn-Ni, and 
Cr-Ni, Cr-Mn, and Cr-Ni-Mn to a high-carbon, high- 
silicon, iron caused an increase of 2-4 Rg in pearlite 
hardness. Reducing silicon, but keeping high carbon, 
Mn and Ni caused an increase of 3 and 2 Rg respec- 
tively; Cr-Ni, Cr-Mn, and Cr-Ni-Mn or Mn-Ni in- 
creased pearlite hardness 6-9 Re. With lower carbon 
and silicon contents, Ni, Cr, Cr-Ni, Cr-Mn, and 
Cr-Ni-Mn increased hardness by 2-5 Rg. V raised the 
hardness 3 Rg and Mo caused acicular products to 
form with resulting hardness increase of 14 Rg points. 
Cu was harmful to the graphite structure, so will not 
be considered. When alloy elements are not used in 
combination, Ni is sensitive to silicon and: insensitive 
to carbon, while Mn or Cr is sensitive to carbon and 
insensitive to silicon. Manganese controls the Mn-Ni 
alloy combination and Cr-Ni, Cr-Mn, and Cr-Ni-Mn 
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are effective in modifying the hardness of pearlite for 
any amounts of carbon and silicon. 

It was not found possible to produce a completely 
pearlite structure in %4-in. test bars by normalizing. 
As seen in Figs. 5 and 6, tensile strength decreased 
from 110,000 psi to 90,000 psi, and the structure 
changed from predominantly pearlite plus some fer- 
rite to all ferrite as the silicon increased. Thus nor- 
malizing offers less control in producing a pearlitic 
matrix than does modifying the original chemistry 
to obtain an as-cast pearlitic matrix. 

According to classification of pearlitic steels, most 
of the spherulitic graphite irons listed in Table 6 
are medium and fine pearlite. If the graphite causes 
a reduction in hardness in proportion to the amount 
present, the matrix material would be 3 Rg points 
harder than the specimen measured and all structures 
would be fine pearlite. 


4. Effects of Alloying Elements on Combinations of 
Ferrite and Pearlite 

Sufficient data are not available for a quantitative 
analysis of the effects of alloying elements on combina- 
tions of ferrite and pearlite; however, trends are ap- 
parent. When only small percentages of minor con- 
stituents are present, mechanical properties are 
determined by effects of the major constituents. When 
both constituents are present in significant amounts, 
the harder constituent contributes only slightly more 


TABLE 6—INFLUENCE OF ALLoys ON 
PEARLITE HARDNESS OF JOMINY Bars 








Hardness- Hardness- 
Alloys Ro at 2%, Alloys Re at 4%, 
Per Cent Carbon Base Iron of 3.30%C and 
2.26 35 3.30% Si 
2.45 35 Base 30—31 
3.00 33 Ni $1 
3.55 31.5 Mn 34 
4.00 23—28.5 Cr 31 
Ni Mn 33 
Ni Cr 32 
Per Cent Silicon Mn Cr 34—35 
1.76 30 Ni Mn Cr 34 
2.15 30—32.5 Base Iron of 3.30%C and 
2.78 30 2.30% Si 
3.17 30.5 Base 29 
3.73 $2 Ni 31 
4.38 33.5 Mn $2 
Cr 29 
Ni Mn 35 
Per Cent Manganese Ni Cr 36 
0.24 31 Mn Cr 37—38 
0.46 31 Ni Mn Cr 38 
0.67 $1 Base Iron of 2.65%C and 
0.92 31 2.30% Si 
Base 31—32 
Ni 35—37 
Per Cent Phosphorus Mn 32.5 
0.04 30 Cr 34 
0.08 30 Ni Mn 31 
0.16 30 Ni Cr 34 
0.34 $2.5 Mn Cr 37 
Ni Mn Cr 37 
Per Cent Nickel Base Iron of 3.30%C and 
0.85 28—29.5 3.30% Si 
1.39 29 Cu 35 
Va 34 
Mo 45 

















C. C. REYNOLDs AND H. F. TAYLor 


to the properties of the mixture than would be the 
case if each contributed a portion of its properties 
proportional to its volume. 

An example of a half and half structure is where 
the hardness of the ferrite is 165 Bhn and of the pear- 
lite 260 Bhn. The hardness of the mixture should he 
slightly greater than 0.50 (165) + 0.50 (260) = 213 
Bhn. Figures 15 and 17 of Report No. 1! indicate the 
hardness is 220 Bhn. This same relationship holds 
true for cast steels, as shown by Figs. 324 and 343 :n 
Steel Castings Handbook.* 

5. Effects of Alloys on the As-Cast Microstructures 

a. Carbides——_For the high carbon, high silicon 
base metal (3.3 per cent carbon and 3.3 per cent 
silicon) chromium, manganese, and chromium plus 
manganese increased carbides while nickel decreased 
them. At this base level, nickel is so effective in re- 
ducing carbide formation that it dominates any effects 
of the other elements investigated. For a high carbon, 
low silicon base metal (3.3 per cent carbon and 2.3 
per cent silicon) nickel is still a graphitizer but its 
effect just balances the strong tendency to form car- 
bides caused by the combination of chromium plus 
manganese. 

The other additions of elements and combinations 
of elements do not vary a significant amount from 
the low silicon base metal. Having a low carbon, low 
silicon base metal (2.65 per cent carbon and 2.3 per 
cent silicon) further reduces the effectiveness of the 
nickel such that it can act either as a graphitizer or a 
carbide stabilizer. Lowering the silicon from 3.30 per 
cent to 2.30 per cent increases the total amount of 
carbides formed and decreases the effectiveness of 
nickel to act as a graphitizer. 

Since carbon is a graphitizer, changing the carbon 
from 3.30 per cent to 2.65 per cent causes a decrease 
in the amount of carbides formed. Nickel, added 
alone to low carbon iron is a carbide stabilizer; how- 
ever, nickel reduces the carbide stabilizing effect of 
manganese, chromium and combinations of mangan- 
ese and chromium to the degree of carbide formation 
produced when nickel is added alone. Chromium is 
definitely capable of causing an alloyed iron carbide 
to form; carbide in excess of that predicted by the 
iron-carbon-silicon phase diagram 13s found in small 
sections when the iron is alloyed with chromium. 
Other elements may also cause alloyed iron carbides 

_but the data available are not sufficient to determine 
this. In the quantities used, vanadium and molyb- 
denum did not affect the amount of gross carbides 
formed. 

b. Spherulites—_The general effect of chemistry on 
the number of spherulites was discussed in Report 
No. 1.! For practical purposes, the higher the carbon 
equivalent (% C + 1/3% Si), the smaller will be the 
graphite spherulites. 

c. Ferrite—Increasing nickel, manganese, and 
chromium reduces the amount of ferrite formed for 
all of the base compositions investigated. Combina- 
tions of these elements also reduce the amount of 
ferrite formed. Decreasing silicon reduces the forma- 
tion of ferrite, and lowering carbon has the same 
effect although not as marked an effect as decreasing 
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silicon. The addition of vanadium and molybdenum 
to the 3.27 per cent carbon and 2.32 per cent silicon 
iron, had no appreciable effect on the amount of 
ferrite formed. Ferrite is more sensitive to the num- 
ber of graphite spherulites than any other constituent 
found in the as-cast microstructure. 

A good example is that in which the per cent fer- 
rite dropped from 50 to 25 as section size changes 
from | in. to 2 in. in the high carbon, high silicon 
base composition (Table 2). It seems reasonable 
to conclude there should be at least as much ferrite 
present in the 2-in. section as in the l-in. section. 
The cause for the decrease in amount of ferrite is 
due to fewer large spherulites being formed in the 
2-in. section. For constant chemistry, wide variation 
in the number of spherulites is not expected; nor 
is wide variation found in sections 3 in. and less when 
free of gross carbides. It should be remembered the 
amount of ferrite formed is a function of (1) number 
of graphite spherulites and (2) amount of ferrite sur- 
rounding each spherulite. Since the number of spher- 
ulites formed was not known, the total ferrite (not 
the ferrite formed per spherulite) was discussed. 

d. Pearlite-—Pearlite is the remaining constituent; 
its amount is determined by the difference between 
100 per cent and the summation of measured or esti- 
mated percentages of the other microconstituents. 


6. Effect of Section Size on As-Cast Microstructure 

The same limitations to effects of section size exist 
as was the case for alloys discussed in the previous 
section. In general, increased rates of solidification 
and cooling due to decreasing section size, favor the 
formation of graphite and ferrite instead of carbides 
and pearlite. 

a. Carbides. The amount of carbides formed in as- 
cast material is a function of section size, because the 
iron-graphite system is favored by slower solidification 
rate and, possibly, by increased time available for 
diffusion, 

b. Spherulites. Figure 39, of Report No. 1,! shows 
for a uniform chemistry, spherulite size was constant 
for sections as thick as 3 in.; since carbon content was 
uniform, the number of spherulites was practically 
uniform. This is only true generally and when the as- 
cast material contains relatively few gross carbides. 

c. Ferrite. From Table 2 of this report and Fig. 
38, Report No. 1,! effect of section size on ferrite is 
influenced by alloy content. Since diffusion is a func- 
tion of time, larger sections will favor ferrite forma- 
tion. This is indicated by the straight line portion 
of Fig. 38 in Report No. 1,1 and by the fact that 
the J-in. keel block cools and has the same per cent 
ferrite as a 3-in. Y-block. The small amount of ferrite 
in as-cast alloyed iron does not appear to be affected 
by the differences in cooling times of a 14-in. and a 
2-in. casting. This indicates that for alloyed spheru- 
litic irons the amount of ferrite found is determined 
by a competitive process between the iron-iron carbide 
and iron-graphite systems during the eutectoid reac- 
tion. 

d. Pearlite. Pearlite can again be considered as the 
remaining constituent; once the other constituents 
are determined, the amount of pearlite is fixed. 








B. Heat Treating 

To justify the additional cost of heat treating, the 
properties of spherulitic iron must be improved con- 
siderably beyond those obtainable in the as-cast con- 
dition. Since spherulitic iron can be produced in 
the as-cast condition with 110,000 psi tensile strength, 
and 5 per cent elongation, heat-treated material must 
produce (a) more elongation, (b) more strength, or 
(c) better ratio of strength to elongation. 


1. A; Determination 

When research was initiated, it was decided to 
“rough out” the effect of other alloys on the A, band. 
If the type curve for temperature versus amount of 
transformation product was known for the eutectoid 
band, two points on the sensitive part of the curve 
for each chemistry would allow the limits of the A, 
band to be determined and so indicate the effect of 
chemistry. From Table 3 it is obvious there are not 
sufficient data available to determine the effect of 
chemistry on the A, band. It is known 1600 F is not 
a sufficiently high temperature for any but low carbon 
and low silicon irons. The most dependable tempera- 
ture for austenitizing was determined to be 1750 F; 
all compositions were found to be austenitized at this 
temperature and, although high, it could be used for 
all compositions and would give constant rather than 
variable results. 


2. Time for Saturation of Austenite with Carbon 

Figure 3 shows that austenite is saturated with car- 
bon as soon as the specimens of pearlite spherulitic 
iron reach the austenitizing temperature. This is 
reasonable since the carbon necessary for saturation of 
the austenite is distributed throughout the matrix in 
plates of FegC, so diffusion distances are short. The 
fineness of martensite needles indicates some gradients 
were present for as long as 3-5 min. The sample 
quenched after soaking for 10 min showed normal 
needles of martensite. 

Starting with a ferritic matrix that contains about 
0.08 per cent carbon and spherulites (sources of car- 
bon) spaced at larger intervals than the plates of 
cementite in pearlite, it might be expected saturation 
of austenite with carbon could take appreciable time. 
However, within 6 min after samples were placed in 
the furnace, carbon had diffused to the spaces farthest 
removed from the spherulites in sufficient quantity to 
form pearlite. After 10 min all the diffusion necessary 
for saturation had taken place. 

For practical purposes starting with matrices of 


either ferrite or pearlite, the austenite is saturated ~ 


with carbon as soon as the piece is heated uniformly 
to 1750 F. 
3. Formation of Bainite and Acicular Ferrite 

As shown in Table 5, results of two compositions 
investigated indicate the acicular ferrite nose of the 
isothermal transformation diagram dominates at tem- 
peratures of 650 and 800 F. The acicular products 
are more coarse at 800 F than at 650 F. Addition of 
molybdenum moves the acicular ferrite nose to the 
left—making the product easier to form. At 1100 F 
a very fine pearlite or bainite nose dominates the 
unalloyed spherulitic iron, and accounts for half the 
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transformation products of the iron containing 
molybdenum. 

Table 5 indicates a maximum hardness of 40 R, 
at 800 F for the unalloyed iron and at 650 F for the 
iron alloyed with molybdenum. The lower hardness 
of the molybdenum iron transformed at 800 F is due 
to formation of larger and less acicular needles of 
ferrite. 

These results are based on tests at only two differ- 
ent temperatures, and might be modified if the entire 
isothermal transformation diagram were investigated. 
4. Normalizing Experiments 

Normalizing 14-in. tensile test bars proved success- 
ful only when the silicon content was low and castings 
of the same composition would have been pearlitic 
in the as-cast state. The decrease in tensile strength 
with increasing silicon is shown in Fig. 6; the micro- 
structure changed from pearlite to ferrite (Fig. 5). 
Further work on different compositions did not seem 
justified, since almost any composition can be made 
pearlitic in the as-cast conditions by proper additions 
of alloys (such as manganese). 

5. Formation of Martensite and Temper Products 

Quenching and tempering has proved its great 
worth as a heat treatment for steel. The martensite 
formed by quenching is very strong, hard, and brittle. 
Tempering improves the ductility of a martensitic 
matrix but lowers its strength. By a study of the 
microstructure, it is possible to follow the tempering 
reactions as the mechanical properties change. 

Martensite is a non-equilibrium, body-centered 
tetragonal structure. When the temperature is low- 
ered rapidly from the austenite range to the ferrite 
range, the normal transition from face-centered cubic 
to the body-centered cubic structure is suppressed. 
The extremely small solubility of carbon means it 
will be entrapped, since diffusion is difficult at low 
temperatures. This results in high stresses and the 
microstructures shown in Figs, 8 and 9. 

Tempering is studied under two conditions: (1) 
varying temperature at constant time, and (2) varying 
time at constant temperature. In several of the 
photomicrographs of the tempered structure, a light, 
undefined area appears as a matrix for the martensite 
needles. These areas are quite small and few in num- 
ber, and are thought to comprise retained austenite. 
The specimens consist of less than 1 per cent of these 
areas, and none were found in the nitrogen-quenched 
specimen. These areas evidently disappear at temper- 
ing temperatures around 800 F. The martensitic 
background of dark needles and graphite spherulites 
is the representative structure of slightly tempered 
specimens. F 

The microstructures of the as-quenched specimens 
show a white background characteristic of martensite. 
Were it not for the slight tempering of the specimen 
in mounting, the needles probably would not even 
be visible. Figure 8 shows the tempering reaction 
as the temperature is raised for a constant time. A 
progressive darkening and disappearance of the mar- 
tensite needles is shown, and at higher temperatures 
white areas of ferrite appear. Figure 9 demonstrates 
tempering as it progresses time-wise at 1000 F and 





Ye fF == hur lUrrFhlUhhU 


-_ 


Hardness, Rockwell “A” 











C. C. REYNOLDS AND H. F. Taytor 


shows the appearance and growth of large, white areas 
of ferrite. The changes are much more marked at 
this temperature than at 800 F. In Figs. 8 and 9, 
three significant results are: (1) growth of the white 
ferrite, (2) emergence of small particles (hereafter 
called secondary spherulites) having the same appear- 
ance as the large spherulites, and (3) dark areas at 
the maximum distance from the large spherulites 
which have no resoluble structure. 

Tempering of hardened steel has been shown to 
consist of the three phenomena: diffusion, precipita- 
tion, and growth, (the presence and reaction of re- 
tained austenite is neglected in this discussion). 
Diffusion occurs when carbon leaves the martensite, 
resulting in alteration of its structure towards the 
body-centered-cubic structure of ferrite. As more car- 
bon diffuses out, the more ferritic the structure be- 
comes. The carbon leaving the martensite must go 
somewhere. In steels, at the lower tempering temper- 
atures, carbon precipitates as a transition carbide 
(Fe, 4C, known as epsilon carbide) which causes dark- 
ening of the structure, and at temperatures above 
600 F the formation of cementite (Fe,;C) occurs. Ex- 
tended tempering after this results in growth and 
spheroidization of the carbides. 

The tempering of ductile iron is quite similar to 
that of steel with one notable exception. There is 
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time and temperature parameter. (3.00% C, 
3.14% Si, 0.24% Mn, 0.079% P, 

0.016% S and 0.04% Mg). 


193 


apparently no tendency towards the metastable sys- 
tem’s formation of carbides visible at 2000X. When 
the carbon atoms leave the dark etching constituent, 
they precipitate as secondary graphite particles. Grant 
has demonstrated this graphitization occurs in mar- 
tensitic ductile iron.® 

From the preliminary work shown in Fig. 7 it is 
evident the practical temperature range for tempering 
lies between 800 and 1000 F. Lower temperatures are 
not practical because of the excessively long time 
required, and higher temperatures cause martensite 
to temper too rapidly to ferrite. In the 800 to 1000 
F temperature range the temper product is practically 
consistent for 2 to 6 hr (a good working range of 
times). 

Figure 10 shows tensile strength is greatly affected 
by tempering temperature at a constant time of | hr. 
Between 600 and 1000 F the relationship is nearly 
linear. Once a tensile strength in excess of 200,000 
psi is achieved the material lacks sufficient ductility 
to be tested by the standard tensile test. Alignment 
of the testing machine and other related factors, which 
cause combined stresses, determine the breaking 
strength of the material. The strength is directly re- 
lated to the microstructure, decreasing as the amount 
of ferrite increases. 

For the alloy studied, the relationship between 
tempering temperature (Fig. 10) and time (Fig. 11) 
can be reduced to a single parameter, T (C + log t), 
derived from the Rate Process Theory, where T is 
temperature (absolute — °R = °F + 460°), C isa 
constant (taken as 12.8) and ¢ is time in seconds. The 
relationship between (tensile strength) hardness tem- 
perature, and time (Fig. 12), for the 3.0 per cent 
carbon and 3.14 silicon spherulitic iron, makes it 
possible to select a tensile strength and determine 
the tempering time and temperature that best fits an 
operation. 

In the case of steel normal variations in composi- 
tion have no effect on quenched and tempered prod- 
ucts, or on rate of tempering. Spherulitic iron differs 
from steel by (1) requiring longer times to reach any 
given degree of completion in tempering and (2) is 
composition sensitive (Fig. 6). Increasing silicon for 
a given tempering treatment increases hardness and 
tensile strength (Fig. 6). Further investigation is 
necessary before the cause of this change in strength 
and hardness can be fully explained. 


Conclusions 


1. Carbon and silicon have the greatest effect on 
size and number of graphite spherulites of the ele- 
ments tested. The size decreases and the number of 
graphite spherulites increases as the carbon equiva- 
lent is raised. Other alloying elements in the quan- 
tities used have little or no effect. 

2. Effects of alloys on solid solution hardening of 
ferrite were found to be linear and additive, follow- 
ing the well known pattern for steel. This generaliza- 
tion does not hold for phosphorus. 

3. The pearlitic microstructure, per se, is relatively 
little affected by alloy content. The amount of pear- 
lite present is affected markedly by alloy content. 
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1. When ferrite and pearlite comprise the matrix 
of spherulitic irons, the harder constituent (pearlite), 
when present in significant amounts, contributes only 
slightly more to the mechanical properties of the mix- 
ture than would be the case if each contributed a 
portion of its properties proportional to its volume. 
In other words, the contribution is essentially linear 
between the extremes of 100 per cent ferrite and 100 
per cent pearlite. 

5. To reduce gross carbides in the as-cast micro- 
structure it was found desirable to increase nickel 
and/or silicon and/or to reduce manganese and/or 
chromium, if present in significant amounts. 

6. To increase pearlite, silicon and/or carbon can 
be reduced and/or manganese, chromium, and nickel 
can be increased to the point of gross carbide forma- 
tion. 

7. Increasing section size reduces pearlite and gross 
carbides when present. 

8. Satisfactory microstructures for spherulitic irons 
have been obtained in all section sizes tested to date 
(up to 7 in.); for the larger and thinner section sizes 
more control appears necessary than for the inter- 
mediate sizes. 

9. Safe austenitizing temperatures for the alloys of 
this investigation were determined to be between 1650 
and 1750 F. The temperature 1750 F was used in all 
experiments, but somewhat lower temperatures would 
be satisfactory for the low silicon irons. 

10. In absence of gross carbides, austenitizing is 
complete as soon as the entire specimen reaches temp- 
erature. 

11. Normalizing was not a satisfactory treatment 
for control of quantity of pearlite in all alloys. 

12. Properties of 160,000 psi tensile strength with 
2-5 per cent elongation were obtained in spherulitic 
irons with a matrix of tempered martensite. 

13. Fully quenched spherulitic irons possess hard- 
nesses of 58-60 Re. 

14. Tempering temperatures between 800 and 1000 
F were indicated as satisfactory for tempering mar- 
tensite within practical time limits of | to 4 hr. 
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15. The relationship between hardness and tensile 
strength is linear for temper products of martensite 
(tor a single composition), and is affected by changes 
in composition. 

16. As is the case for steels, the relationship be- 
tween tempering temperature and time (for the alloy 
investigated) could be reduced to a single parameter. 

17. Spherulitic irons seem to temper relatively 
more slowly than steels. 

18. Temper products in steels are primarily a func- 
tion of time and temperature of heat treating; in 
spherulitic irons composition is also an influence. 

19. Carbon precipitates at particles of secondary 
graphite, divorced from the original spherulites, 
rather than visible platelets of carbides in the micro- 
structure, 
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PATTERN EQUIPMENT FOR SHELL MOLDING 


0. C. Bueg* 


A major contributing factor to the present increased 
know-how in patternmaking is the introduction of 
the shell molding process and use of shell molding 
machines, 

A question often asked concerns size of pattern 
equipment for shell molding. Figure | shows a shell 
mold pattern 5x12x72 in. in size, weight 100 Ib, 
with approximately 45 ft of stainless tubing cast into 
the casting. As far as size is concerned there is no 
unusual problem involved. 


Plate Arrangement. Because it is possible to obtain 
a greater number of castings per square inch of shell 
molding, plate arrangement has a greater bearing on 
production than in the conventional method. Gating 
and pouring methods must be considered in plate 
arrangement. 


Material. Generally the material required for the 
pattern is determined by the volume of castings to 
be poured. For low production, aluminum is suit- 
able. For higher production, iron or other metals 
are preferable. 


Fig. 1— Photo 
of a large shell 
mold pattern. 





* Arrow Pattern & Engineering Co., Erie, Pa. 
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Accuracy. The accuracy of the pattern is determined 
by the accuracy desired in the cast piece. In many 
cases the manufacturer looks for closer tolerances 
from shell molding. Usually the patternmaker can 
provide this accuracy. However there are some parts 
for which the patternmaker cannot give him that 
accuracy because of the nature of shell molding. 
Normally metal contractions in a green sand mold 
will be uniform throughout. In shell molding, how- 
ever, due to the slow disintegration of the shell itself 
after the metal has been poured into the cavity, the 
contraction is not always the same. In this instance 
it is necessary to rework the pattern to accommodate 
this differential. 

Thermal Expansion. Aluminum has a greater ex- 
pansion at 500 F than other materials. Steel has a 
greater expansion at certain temperatures than iron. 
Therefore, thermal expansion data should be con- 
sulted to determine how much shrinkage to allow 
when making the pattern. 

Figure 2 is a photo of a pattern plate. You will 
note steel inserts mounted in the aluminum pattern 
plate. You will also note that the gating arrangement 
is for horizontal pouring. The item itself is a plumb- 
ing nipple of the threaded and copper to copper type. 
From the author’s experience, horizontal pouring 
results in a good casting from shell molding. 

Figure 3 is a layout of pattern shown in Fig. 2. 





Fig. 2—Photo of a shell mold pattern plate. 
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The plate is of aluminum; the pattern itself is 
machined and polished steel; the sleeves are also of 
steel pressed in and properly anchored. This portion 
forms what was formerly made in green sand with a 
dry sand core. This is one advantage of making parts 
of this type by shell molding. 
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Fig. 3—Drawing of pattern plate shown in Fig. 2. 


In Fig. 4 an aluminum plate has been used with a 
machined and polished cast iron mounted pattern. 
The pattern was anchored to the pattern plate with a 
number of screws. An expansion problem developed 
from the use of two different alloys. This will result 
in plate distortion, mismatch and other difficulties. 








Fig. 4—Drawing of a polished cast iron pattern mounted 
on an aluminum plate. 


However, by using two locating pins of sufficient 
strength, proper alignment can be assured at all times. 
One pin should be anchored firmly in the plate as 
well as in the pattern. The other pin should be 
anchored firmly in the pattern with an elongated hole 
in the pattern plate which will allow for the expan- 
sion differentials of the two different metals. The 
screw holes in the plate anchoring the pattern should 
be either elongated or drilled considerably larger 
to allow for the variation of expansion. Since some 
molding machines are capable of operating at higher 
temperatures than others, it is necessary to know the 
temperature at which the pattern is to be used in 
order to determine the shrinkage allowance of the 
pattern. 

Finish. Having decided upon the material to be 
used, we must now consider the finish of the pat- 
tern. Finish on shell mold patterns must be smoother 
than ordinarily used. Consequently this phase of pat- 
ternmaking cannot be over emphasized. 

Draft. Less draft can be used in making shell mold- 
ing patterns. Removal of the shell from the pattern 
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does not present as much a problem as does the re- 
moval of the pattern from a conventional green sand 
mold. This is because the shell becomes a homogene- 
ous unit. No amount of jarring, shaking, or handling 
will dislodge any particles on the cured surface of 
the shell. 

Gating. In any group of foundrymen or pattern- 
makers, the subject of gating is a debatable one. 
We all have our own ideas on the subject. However, 
the author believes that a smaller gate can be used 
in shell molding. As a consequence higher metal yields 
are obtainable. Where castings are vertically poured. 
gating is entirely different in proportion and design. 

Figure 5 shows the pattern equipment for a simple 
hand wheel which is vertically poured in gray iron. 
This type of gate resulted in a sound casting but the 
casting surface showed slag over a large area. 

Figure 6 shows the step taken to clear the surface 
defects which resulted from the previous gating. The 
lower section entering directly into the casting has 
been removed and the feed was directly into the head 
itself which resulted in a number of good casting 





Fig. 5—Photo of shell mold pattern equipment for a 
hand wheel. 





Fig. 6—Photo shows modified gating system of pattern 
equipment shown in Fig. 5. 
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qualities. The first of these was a slag-free casting; 
also, this change resulted in progressive solidification 
of the casting, with the hottest metal finally entering 
the head. 
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Fig. 7—Drawing of pattern equipment for a valve hand 
wheel. 


Figure 7 is a drawing of a valve hand wheel. Here 
again practically the same principle was used as on 
the hand wheei which resulted in a smooth casting 
surface and sound casting. In Fig. 7 small down run- 
ners were used with good results. The cross section 
of the area of the runners entering into the casting 
is thin, approximately 3/64 in. This resulted in a 
clean break-off requiring no grinding. Skim gate 
cores work out to good advantage when metal is 
poured into a vertical gate. Good results are obtained 
from castings when the vertical gate is allowed to run 
down lower than the casting itself and the metal is 
allowed to enter at the bottom of the casting with 
various slag traps incorporated in the gate. This as- 
sures a clean casting, but in many cases requires 
larger heads to provide for the proper feeding of the 
casting. 

Pushout Pins. Basically, a sufficient number of push- 
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Fig. 8—Drawing of pattern equipment for lawn mower 
wheel. 
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out pins should be incorporated in the pattern to 
assure ease of shell removal. Sometimes when larger 
casting surfaces are involved, flush pins should be’ 
used in the casting area. This assures uniform lift- 
ing of the shell. It is essential to guard against dis- 
tortion of mold shells. 

Figure 8 is a drawing of pattern equipment for a 
conventional lawn mower wheel. This layout pro- 
vides a shell breaker strip in the center with the run- 
ner bar and gates. 

Steel is commonly used for pushout pins. This 
drawing shows two different types of pushout pins. 
One is the conventional round pin with an umbrella 
type head. The other is a pushout pin, commonly 
called a contour pin. This pin is used only where it 
becomes necessary to apply pressure for the release 
of the shell from the mold and where the contour of 
the pattern is irregular. With this type of pin the 
irregular contour of the pattern can be maintained. 
Sufficient clearance in the pattern plate should be 
provided to allow the pin to move freely without 
galling. 

Springs of sufficient tension should be provided on 
the back side of the pattern to assure return of the 
pins to their proper position after the shell has been 
removed. 

Matching buttons must be provided to obtain posi- 
tive matching of mold halves. These buttons provide 
ease of matching and allow self rigidity for holding 
the two shells in alignment. 


Heating. Two methods of heating patterns for shell 
molding are commonly used, namely gas heating and 
electrical heating. In producing a pattern for circu- 
lating gas heat, the patternmaker must use pattern 
plate material of sufficient thickness to retain ade- 
quate heat for rapid shell production. From the 
author’s experience he has found that electrically- 
heated pattern plates developed a superior shell and 
higher production due to the constant uniform heat. 

In producing a pattern for electrically-heated equip- 
ment, tubular heating elements are commonly used. 
It is important to use a sufficient number of elements 
to maintain a uniform constant heat. It is also neces- 
sary to use the proper thermostat to control the de- 





Fig. 9—Photo of pattern plate for a bronze gland casting 
gated for horizontal pouring. 
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Fig. 10—Photo shows heating elements on the back of 
a shell mold pattern illustrated in Fig. 9. 





Fig. 11—Photo shows heating elements on the back of a 
shell mold pattern illustrated in Fig. 5. 


sired temperatures. The author's experience indi- 
cates that the more constant the temperature of the 
pattern the better the shells and the resulting castings. 

Figure 9 shows a pattern plate for a bronze gland 
casting gated for the horizontal pouring, with a 
breaker strip in the center making both cope and drag 
halves of the shell. The pattern itself has an irregu- 
lar parting due to the peculiar design of this piece. 

Figure 10 shows the heating elements on the back 
of the 18x24-in. plate illustrated in Fig. 9. These 
elements are rated at 8800 watts. There are six 1000- 
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Fig. 12—Photo shows 14x19-in. plate with heaters cov- 
ered with insulation. 


watt bent heating elements and two 1400-watt ele- 
ments around the outer area to assure sufficient heat 
transfer to the outer edge of the plate to prevent 
plate warpage or breakage. 

Figure 11 shows the back of the 14x18-in. pattern 
plate shown in Fig. 5. Due to the peculiar contour 
of the pattern itself various types of heaters were in- 
volved. The four heaters shown on the outside are 
the conventional 1000-watt heaters. The five in the 
center of the plate are strip heaters of 400-watt rating 
each. This is a total of 6000 watts which supplies 
ample heat to the plate to maintain a uniform con- 
stant temperature. 

Figure 12 shows a standard 14x18-in. plate with the 
heaters completely covered with insulation. This also 
shows the pushout pins with springs attached and 
the insulated cover protecting the heating elements 
and thermostat connection. 

In the past few months pattern costs have been dis- 
cussed many times with the usual complaint that pat- 
tern costs are too high. Therefore a plate has been 
designed with the heating elements and thermostat 
built in. This type of plate can be used with many 
pattern insert plates, thereby eliminating the cost of 
fitting each individual pattern plate with heating 
elements. In many cases this resulted in shell mold- 
ing pattern costs which compare closely with pattern 
costs used in green sand of the same quality. 
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R. B. Fischer* 


ABSTRACT 


This paper reports the results of an investigation initiated in 
1943 covering the effects of sands, sand additives and coatings 
on metal penetration of Navy “M” bronze in cores. Comparative 
observations were made on a specially-designed casting. Results 
were recorded photographically. Conditions of test, such as 
pouring temperature, pouring height, etc., were kept constant 
so that core mixtures and/or coatings could be evaluated. Seven 
mixtures could be compared in each test. Over 35 test castings 
were examined. Some of the better core mixtures were evalu- 
ated in production castings. 

Metal-static pressure, or “head,” influences penetration. The 
permeability of the core mixture affects metal penetration. Sand 
mixtures that satisfactorily resisted metal penetration had 
low permeability. The best of the low permeability mixtures 
was the fine grade of zircon sand (AFS fineness approximately 
110). Severity of penetration increased as the permeability in- 
creased. Providence core sand mixtures, having low permeabil- 
ity, approached zircon in resistance to penetration but were not 
consistently equivalent. 

Sand additives show some benefit in resistance to penetration 
when added to low permeability base sands. However, they do 
not benefit the coarser sands, unless a drastic reduction is made 
in permeability by their additions. 

Core washes improve the surface finish if applied to a good 
penetration-resistant base sand such as zircon. However they 
will not completely eliminate penetration on high-permeability 
sands such as No. 120 or No. 60 silica. 


Introduction 


Foundrymen have long been plagued with clean- 
ing problems and surface finish due to metal penetra- 
tion. Penetration, depending on its severity, can 
greatly increase the time and cost of cleaning a cast- 
ing. Another important factor, which must be rec- 
ognized more and more by foundrymen, is the “eye 
appeal” of their castings. The customer is influenced 
by a smooth, good-appearing casting because it re- 
flects on the technique and pride of the foundry. 

The coring of a casting is particularly important, 
because the cores produce the internal portion which 
is usually more inaccessible and difficult to clean. The 
surface finish. produced by cores, plays an important 
part from a functional standpoint because it can in- 
fluence the efficiency of the part. This is particularly 
true in pump casings and pump impellers. 
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There are many definite characteristics demanded 
of a core material. One of the most important is that 
the material must strip cleanly from the casting after 
cooling. Silica sand, with small additions of other ma- 
terials, is the most suitable economic material and the 
one most commonly used. However, there are cer- 
tain conditions under which silica sand is not satis- 
factory, and advantages can be obtained by the use 
of zircon sand, although its first cost is considerably 
higher. 

The chief cause of poor casting finish is metal pene- 
tration. Metal penetration is the name applied to 
surface roughness where molten metal is forced into 
the voids between the sand grains. It varies in sever- 
ity from slight surface roughness to penetration of 
considerable depth. In extreme cases, the core will 
be penetrated completely leaving a metal-sand mix- 
ture. (See Fig. 1). 

The bronzes, particularly leaded-phosphor bronze, 
are probably the greatest offenders in regard to metal 
penetration. Navy “M” bronze can be a problem in 
this respect, especially with large castings. 
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Fig. 1—Metal penetrated cores removed from casting; 
Navy “M” metal; No. 60 oil-bonded silica sand; approxi- 
mate size 4-6 in. 
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There are two main types of penetration: 

(1). Veining, which is caused by a crack in the core 
and the liquid metal flowing or being squeezed into 
the crack. This type of penetration is relatively easily 
removed by chipping, but the surface of the casting 
may be marred badly as a result of chipping. 

(2). “Burnt on,” which is a more severe type of 
penetration and more difficult to remove. “Burnt on” 
is not a good term to describe penetration of bronze, 
because there is no fusion between the metal and 
sand grains. It is more a mechanical mixture asso- 
ciated with metal-static pressure or head. 

This is the factor in penetration over which there 
is little control because of size and design of the 
casting. Other factors such as the core mixture and 
pouring temperature can be controlled. 

Metal penetration has been experienced when cast- 
ing heavy-sectioned composition “M” metal pump 
casings. (See Fig. 2). Needless to say, an extreme 
amount of difficulty and expense has been encoun- 
tered in cleaning this casting. A chemical analysis 
of the casting and of the metal that penetrated the 
core shows a considerable difference. Table 1 shows 
chemical analyses of the core sand, the penetrating 
metal, and the casting alloy. 








TABLE 1—-CHEMICAL ANALYSES 
Sample Sample Sample Calculated 

No. 1 No. 2 No. 3 Bronze 

Core Penetrated Casting in Sample 

Sand Core Alloy No. 2 
Copper Nil 64.40 93.31 88.35 
Tin Nil 5.50 3.96 7.55 
Lead Nil 1.35 0.57 1.85 
Zinc Nil 1.09 1.45 1.50 
Nickel Nil 0.40 0.58 0.55 
Antimony Nil Nil Nil Nil 
Sulfur Nil 0.07 0.02 0.10 
Iron 18 0.07 0.08 0.10 
Phosphorus Nil Nil Nil Nil 
Sand 99.82* 27.12" 


* By difference 





The results obtained in sample No, | show that, of 
the constituents ordinarily encountered in the cast- 
ing alloy, only iron was found. 

Comparison of the recalculated percentage compo- 
sition of the metallic “phase” of sample No. 2 with 
the results obtained on sample No. 3 shows that the 


r VEINING 


Fig. 2—Metal penetration in cores; pump casing, 1180 Ib 
in weight; Navy “M” metal. 
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METAL PENETRATION OF Navy “M” BroNZE 





Fig. 3—Bronze impregnated sand core. (A) is a sand 
grain. (B) is alpha bronze with copper-rich cores. (C) 
is delta network outlined by lead. Mag.—75x. 


lower melting point constituents (tin, m. p. 450 F and 
lead, m. p. 621 F) have increased considerably. The 
tin concentration shows an increase of 48 per cent and 
the lead 224 per cent. On the other hand, the con- 
centration of the higher melting point component 
(copper, m. p. 1981 F and nickel, m. p. 2646 F has 
decreased 5 per cent in each case. The zinc (m. p. 
787 F) concentration shows an increase of 3 per cent. 

Figure 3 is a photomicrograph of a bronze pene- 
trated core. The mechanism by which penetration 
occurs can be theorized from it. The irregular gray 
areas marked (A) are sand grains. Surrounding these 
and filling some of the voids is the bronze. The dull 
white areas (B) are grains of alpha bronze, and the 
more brilliant white network (C) is the tin-rich delta 
constituent. The very dark areas outlining the delta 
network is lead. 

The most notable feature in this structure is the 
large amount of delta in a material of relatively low 
tin content. The limit of solid solubility of tin in 
alpha bronze is in the region of 14 per cent. The 
main body of the casting shows only traces of delta. 
The presence of excessive tin in the penetrated core 
can be explained as follows. The metal freezes over 
a wide range of temperature (approximately 1855 F 
— 1699 F, difference 156 F). As the temperature drops, 
and the metal begins to freeze, the liquid portion be- 
comes richer in tin. 

Under metal-static pressure or head this lower melt- 
ing constituent is forced into the voids between the 
sand grains. The metal which has penetrated into 
the core is no longer the same composition as the 
casting alloy. The lead, which is only a mechanical 
mixture and has a low melting point, solidifies last 
and is segregated to the boundaries between the grains 
of the already solid phase. It is obvious that the more 
“open” or permeable the sand, the greater will be 
the penetration. The greater the metal-static pressure 
or head and pouring temperature, the greater the 
depth of penetration. 


Test Procedure 
In order to test the resistance of core mixtures to 
penetration, a pattern was designed to simulate actual 
conditions encountered in casings. The design al- 
lowed for a high metal volume to core volume rep- 
resentative of thin cores in heavy sections. The 
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THIS DIMENSION MAY BE CHANGED BY 
USE OF VARIOUS INSERTS IN CORE BOX. 
7/16-IN, CORE THICKNESS MADE STANDARD 


Fig. 4 (Above )—Dimensions of test casting for metal penetration. Fig. 4A (Right)— 
Test casting to evaluate metal penetration of cores. 





Fig. 5—Metal penetration test. Cope, drag and cores for 
test casting, showing test cores in place. 


dimensions of the test casting and the casting are 
shown in Figs. + and 4A. Seven core mixtures could 
be tested under similar conditions. The mold and 
cores are shown in Fig. 5. The cope and drag were 
made of oil-bonded No. 60 silica sand and coated with 
an oilless core wash. All test cores were oil bonded. 

In each test, a standard reference core of known 


ca a a 


No Riser 























v 
3/4-IN. DIAM 
DOWNGATE 





penetration characteristics was included. Navy “M” 
metal deoxidized with 0.02 per cent phosphorus was 
poured into the mold at approximately 2100 F. Pour- 
ing temperature will influence the amount of pene- 
tration. The temperature 2100 F was selected as a 
standard for these tests, because it represented an 
average temperature used for this alloy for produc- 
tion castings. Permeability and tensile strength of 
core mixtures were determined on standard samples. 
Thirty-eight such castings have been evaluated. All 
test castings were cleaned by a standard shot-blasting 
procedure and were photographed for record pur- 
poses. 

The first casting was poured with relatively little 
metal-static head and veining was encountered only 
in the cored sections. A more severe test was indi- 
cated and, therefore, higher metal-static pressure was 
achieved by employing a 4-in. rod x 18-in. high riser. 
Severe penetration could then be produced. See Fig. 
6 for comparison. This casting utilizing the higher 
head was adopted as standard for all subsequent tests. 


Effect of Core Sand 


Figure 7 shows the results of a test comparing var- 
ious combinations of zircon and No. 60 silica sand 
mixtures with Providence core sand—No. 60 silica 
sand mixtures. 

It would appear that the amount of penetration 
is dependent to a great degree on the permeability of 
the core. Core mixtures 2, 3 and 5 having the lowest 
permeabilities (31, 43 and 45) were the least pene- 








Riser 4-in. rd x 18-in. hght. to get metal static pressure 
Fig. 6—Metal penetration test. Core No. 3 was made from zircon sand, all others with No. 60 silica sand with various 
core washes. 
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Sand Type, % Properties 








Core No. 60 Dry Tensile Fine- 
No. Zircon Silica Providence Perm. Strength _ ness 

1 100 250 170 57 

2 75 25 31 360 106 

3 50 50 43 360 95 

4 25 75 80 350 91 

5 25 75 45 180 111 

6 50 50 70 250 96 

7 75 25 130 260 73 


Core Coating—Graphite Base-Water Type 
Zircon—Silica Mixtures by Volume 





Figure 7 


trated. However, it is evident that zircon sand has 
properties which produce a more penetration-resis- 
tant core. Core mixture No. 3 made of a 1/1 by vol- 
ume ratio of zircon and No. 60 sand having a perme- 
ability of 43 showed less penetration than core mix- 
ture No. 5 (75 per cent Providence sand, 25 per cent 
No. 60 silica sand) with essentially the same perme- 
ability. 

The properties, which make zircon sand a highly 
penetration-resistant core material, are its high re- 
fractoriness (m. p. approximately 3800 F), high heat 
conductivity (about twice that of silica sand), high 
density, (approximately twice silica sand), low ex- 
pansion (about 1/3 that of silica sand). Probably 
its Most important property is its fine grain size (AFS 
fineness approximately 110) which produces a low 
permeability core mix. 

It is said that zircon exerts a chilling effect on the 
metal. The chilling effect on the surface could be a 
factor in retarding penetration. A test was made to 
compare the chillability of various materials and one 
of these is shown in Fig. 8. The method of test is 





Fig. 8—Chillability test. Chill material at face indicated 

by arrows. Core No. 1, zircon sand; No. 2, 50% zircon- 

50% S-26 steel shot (by vol.); No. 3, No. 60 silica sand; 
No. 4, cast iron. 
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Fig. 9—Pouring method to determine chilling effect of 
chill materials. 


illustrated in Fig. 9. The most pronounced chilling 
effect in this particular test, noted by observing the 
macro-etched grain size was obtained with the cast 
iron chill (Sample No. 4). A 1/1 by volume ratio 
of zircon — S-26 steel shot (Sample No. 2) showed 
the next most chilling effect. A slight chilling effect 
was noted with zircon sand (No. 1) over No. 60 silica 
sand (No. 3). The arrows indicate the chilled face. 
Other surfaces are No. 60 silica oil-bonded sand. 

















Sand Type, % Properties 
Core No. 60 Dry Tensile 
No. Zircon Silica Providence Perm. Strength 
l Passing 58 90 
No. 70M Sieve 
2 Passing 48 60 . 
No. 100M Sieve 
3 100 27 175 
4 100 19 330 
5 50 50 50 140 
6 50 (vol) 50 (vol) 26 315 
7 Passing 48 60 


No. 100M Sieve 
Core Coating—Graphite Base-Water Type 





Figure 10 
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Properties 














Core Tensile 
No. No. 60 Silica Zircon Dry Perm. Strength 
100 approx. 220 120 
2 100 24 360 
3 50 50 35 360 
4 60 40 42 350 
5 70 30 52 270 
6 75 25 68 265 
7 80 20 80 330 


Silica-Zircon Sand Mixtures by Volume 
Core Coating—Graphite Base-Water Type 





Figure 11 


Figure 10 shows results of a test comparing low 
permeability mixtures consisting of screened No. 60 
silica sand, Providence core sand and zircon sand. 
The only clean cored surface was produced with 100 
per cent zircon sand (core No. 4). 

Figure 11 shows the results of various zircon No. 
60 silica sand ratios (by volume) in order to find the 
most economical mixture of highest permeability that 
would produce a core that would satisfactorily retard 
penetration. The most promising, economical mixture 
appeared to be the 50-50 mixture (core No. 3). The 40 
per cent zircon — 60 per cent No. 60 silica sand (core 
No. 4) and the 30 per cent zircon—70 per cent No. 60 
silica sand (core No. 5) mixtures showed veining. 
The lower percentage zircon mixtures were pene- 
trated. The zircon—No. 60 silica sand mixtures were 
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Fig. 12—-Pump casing of Navy “M” metal, weighing 690 

lb. Cores are marked with arrows; 50% No. 60 silica 
sand-50% zircon sand, by volume. 











Sand Type, % (by vol.) Properties 
Core Dry Tensile 
No. No. 60 Silica Zircon Perm. Strength 


wemnee aie 
(1) (2) (Gr. A) (3) (Gr. B) 


l 100 


approx. 200 
2 100 36 100 
3 100 35 190 
4 100 30 100 
5 50 50 54 170 
6 50 50 52 230 
7 50 50 45 210 


Core Coating—Graphite Base-Water Type 





Figure 13 


utilized to make cores for a Navy “M” pump casing. 

In Fig. 12 the cored areas marked with arrows were 
made with a 1/1 by volume mixture of No. 60 sand 
and zircon. Veining was noted although there was no 
severe penetration. A 75 per cent zircon — 25 per cent 
No. 60 sand (by volume) mixture was tested, but 
veining also resulted. It is believed that the different 
expansion characteristics between the two sands set 
up stresses which cause the core to crack permitting 
finning to occur. 

Various grades of zircon, from several sources, were 
tested as a 100 per cent mixture, or as a 1/1 ratio by 
volume mixture with No. 60 sand. See Figs. 13 and 
14. Severe penetration was observed on the No. 60 
silica sand cores (No. 1) as expected. The 100 per 
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Sand Type, % (by vol.) 
Core ‘ . Dry 
No. No. 60 Silica Zircon Perm. 
Suppliers crys 
(1) Std. (1) Coarse (2) (3) 
Grade Grade (Gr.A) (Gr.B) 
1 100 200 
2 100 38 
3 100 70 
4 100 35 
5 100 37 
6 50 50 55 
7 50 50 120 





Figure 14 
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TaBLe 2—SIEVE ANALYSES OF SOME ZIRCON SANDS 
TESTED 
Low Grade 
By- Low Grade Zircon 

Sieve Product Zircon Unbene- Coarse Standard 

No. Zircon Beneficiated ficiated Zircon Zircon 

28 

35 — 0.1 

48 0.3 0.4 4.9 0.2 
65 5.2 0.5 8.2 1.4 1.0 
100 37.4 19.1 21.8 40.8 18.8 
150 44.6 66.4 52.3 51.6 68.6 
200 12.1 12.4 11.6 5.7 11.4 
270 0.4 0.8 0.6 0.25 “a 
Pan. 0.2 0.8 0.4 0.05 — 
AFS 
Fineness 92 101 92.4 89 98.3 





ey 








Core No. Core Material Permeability 
1 No. 60 Silica Sand Approx. 200 
2 By Product Zircon 5 
3 Chrome Ore 170 
4 Low Grade Zircon (beneficiated) 39 
5 Low Grade Zircon (unbeneficiated) 60 
6 Coarse Zircon 80 
7 Zircon (Grade “B’’) Approx. 35 


Core Coating—Graphite Base-Water Type-2 Coats 





Figure 15 


cent mixtures of the finer grade zircon were com- 
pletely free of penetration. The 1/1 zircon — No. 60 
sand mixture (cores 5, 6 and 7, Fig. 13) showed 
slight veining except in core No. 6 of Fig. 14, which 
shows some penetration. 

This is an indication of borderline condition with 
the 1/1 mixture. The coarse grade of zircon (core No. 
3 — Fig. 14) having a permeability of 70 shows less 
resistance to penetration than the finer grade of zircon, 
again illustrating the important effect of permeabil- 
ity. The penetration of this core took place in the 
thin section which is not clearly visible in the photo- 
graph. A mixture of 1/1 volume ratio of coarse zircon 
and No. 60 sand, having a permeability of 120, was 
quite severely penetrated (core 7 — Fig. 14). 

Screen analyses of the fine and coarse grades of 
zircon are shown in Table 2. 

Figure 15 shows the results of some tests made on 
various other grades of zircon and a core made of 
chrome ore. The by-product and lower grades of 
zircon showed satisfactory results. The coarse grade 
of zircon (permeability 80), core No. 6 was slightly 
penetrated, verifying the results shown in Fig. 14, 
core No. 3. It was interesting to note that chrome 
ore (core No. 3) having a permeability of 170, which 
is close to that of No. 60 silica sand, was much bet- 
ter in resistance to penetration. Chrome ore has been 
tried in other test castings, and when used in the 
finer mesh sizes, so that the permeability is approxi- 
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Core Core Material Core Coating Dry 
No. Perm, 
1 No. 60 Silica Sand Graphite Base approx. 200 
2 By Product Zircon Sand Graphite Base 67 
3 By Product Zircon Sand _ Special Zircon Sand Coating 67 
4 By Product Zircon Sand Graphite Base 110 
Retained on 65M Sieve 
5 By Product Zircon Sand Graphite Base 16 


Retained on 100M Sieve 
6 By Product Zircon Sand 
Retained on 150M Sieve 
7 Zircon Sand (Gr. B) Graphite Base 
All core coatings—Water Type 
Mix for special zircon sand coating—1l0 lb of zircon 
sand and 190 cc core oil added to a proprietary zircon 
water-base wash previously mixed to 45° Baumé. 


Graphite Base 49 


approx. 35 





Figure 16 


mately the same as of the fine zircon, its resistance 
to penetration appears to be equal to that of zircon 
sand. However, chrome ore requires more oil to 
bond, and since it is not desirable to use in its natural 
state, it must be screened to obtain proper mesh sizes. 
Table No. 2 shows the sieve analyses of the zircon 
sands used in this test. The lower grades were tested 
in order to investigate lower cost mixtures. 

By-product zircon was tested in the as-received and 
various other screened conditions and compared with 
No. 60 sand and Grade B zircon. These results are 
shown in Fig. 16. The by-product zircon in the as- 
received condition and with a special zircon sand 
coating (mixture shown in Fig. 16) gave excellent re- 
sults. The by-product material is coarser than regular 
zircon and gives a higher permeability core mix. 

A screen analysis is shown in Table 2. A typical 





Fig. 17—Pump casing of Navy “M” metal, weighing 1180 

lb. Cores marked with arrows were made with a by- 

product of zircon sand. Core A was made with No. 60 

silica sand and special zircon coating. Core B was made 
with No. 60 silica sand and graphite coating. 
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Fig. 18—Pump casing of Navy “M” metal, weighing 690 
lb. Small cores (arrows) were made with by-product of 
zircon sand. Large cores, showing veining, were made of 
No. 60 silica sand. 


chemical analysis is as follows: TiO, - 23.2 per cent, 
ZrO, - 10.4 per cent, Al,O3- 18.9 per cent, SiO, - 12.2 
per cent, CrO,-7.5 per cent, Fe,O;- 18.8 per cent, 
MgO and other impurities, 9.0 per cent. This material 
was obtained at a substantial saving over zircon sand, 
and was used successfully for cores on production 
bronze castings to resist metal penetration. 

Figures 17 and 18, with core areas marked with 
arrows, show pump casings in which some of the 
critical cores were made either entirely or faced with 
the by-product mixtures. A major improvement in 
surface finish, and resistance to penetration was ef- 
fected over No. 60 sand or some of the No. 60 sand- 
zircon mixtures previously shown. 

Although Providence core sand mixtures compare 
favorably with zircon in permeability, zircon has 
shown better resistance to penetration. Steel shot, in 











Sand Type, % Properties 


Core No. 60 S-26 Dry 





Tensile 





No. Silica Previdence Zircon SteelShot Perm. Strength 
1 100 approx. 220 230 
2 100 26 360 
3 25 75 33 345 
4 50 50 43 300 
5 75 25 27 20 
6 85 15 33 40 
7 90 10 34 40 


Sand-steel shot mixes by volume 
Core coating-Graphite base-water type 
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Core 


No. Core Material Core Coating Dry Perm. 





Graphite Type 
Graphite Type 


1 No. 60 Silica Sand 


“approx. 200 
2 Forsterite (As-rec’d) 40 


3 Forsterite (As-rec’d) Special Zircon 40 
Sand Coating 
4 Forsterite—Retained Graphite Type 170 
on 270M Sieve 
5 Forsterite—Retained Special Zircon 170 
on 270M Sieve Sand Coating 
6 By-Product Zircon Special Zircon 67 


(As-rec’d) Sand Coating 

7 Zircon Sand—Gr. “B” Graphite Type approx. 35 
Special zircon sand coating—l0 lb of zircon sand 
and 190 cc core oil added to a proprietary zircon 
water-base wash previously mixed to 45° Baumé. 





Figure 20 


the amounts of 10 - 15 and 25 per cent by volume, was 
added to Providence sand in order to increase the 
density and conductivity of the core mixture. These 
mixtures were compared with several zircon mixtures 
previously evaluated. 

The results are shown in Fig. 19. Cores No. 6 and 
No. 7, having 15 and 10 per cent of steel shot, re- 
spectively, were free of penetration. A slight amount 
of penetration was observed with the 25 per cent steel 
shot mixture (core No. 5) in the spacer section. This 
type penetration was more like the “burnt on” con- 
dition because it appears as though some of the steel 
shot had been wetted by the bronze. The No. 60 sand 
(core No. 1) was severely penetrated. Zircon and 
zircon-No. 60 mixtures were free of penetration. 
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Core 
No. Core Material Core Coating Dry Perm. 
1 Silicon carbide (40-mesh) Special zircon 25 
2 Zircon (Gr. B) supplier Graphite-base 52 
No. 3 
3 Zircon (Gr. B) supplier Special zircon 52 
No. 3 
4 Silicon Carbide (8-mesh) Special zircon 23 
5 Zircon (Gr. C) supplier Graphite-base 55 
No. 2 
6 Zircon (Gr. C) supplier Special zircon 55 
No. 2 
7 Zircon supplier No. 4 Special zircon approx. 35 


Special zircon coating is made of a proprietary wash 
plus zircon flour in a volatile-type solvent. Graphite 
coating is a proprietary water-base type. 








Figure 19 


Figure 21 
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Other refractory materials were tested for possibil- 
ities as core mixtures to prevent penetration. Figure 
20 shows a comparison between a refractory material 
known as Forsterite (2 MgO, SiO, - magnesia 57.3 
per cent - silica 42.7 per cent) and other previously 
tested standard mixtures of known penetration char- 
acteristics. The melting point of Forsterite is approxi- 
mately 3470 F and has a specific gravity of 3.22. The 
material was tested in two different finenesses to 
obtain different permeabilities in the core mixture. 

A special zircon wash was included for the test. 
The lower permeability (permeability 40) core mix- 
ture (cores No. 2 and No. 3) showed less penetration 
than the higher permeability Forsterite (permeability 
170) (cores No. 4 and No. 5) and No. 60 sand (core 
No. 1) but was not as satisfactory as the by-product 
zircon mixture (core No. 6), or Grade B zircon (core 
No. 7). Although core coatings will be discussed later 
in the paper, there was evidence that the special zir- 
con coating showed only a slight improvement in re- 
sistance to metal penetration on base materials which 
are not satisfactory. 

Figure 21 compares the two different grades of zir- 
con sands with two silicon-carbide mixtures. All mix- 
tures showed penetration in varying degrees. The 
grade “C” zircon sand (core No. 5) was the most 
severely penetrated. These cores were rodded differ- 
ently than usual. See Fig. 22. The rod around ‘the 
perimeter in the thin section probably caused the core 
to crack due to the difference in thermal expansion 
permitting penetration in the zircon sand which 
normally is resistant. 

This test was repeated except that the cores were 
made in the standard manner without the perimeter 
re-enforcing rod. Reclaimed silicon-carbide (12 M) 
and zircon sand was substituted for the 40 and 80- 
mesh silicon-carbide mixtures, because there was not 
enough available to repeat the test. See Fig. 23. The 
12-mesh silicon-carbide (core No. 4) having a perme- 
ability of 90 was the only mixture that showed pene- 
tration. These two tests illustrate the importance of 


Perimeter Wire Used Sendard 
Only On Cores Fig. 21 Reinforcing 
Wires 





Fig. 22—Sketch of reinforcing method for test cores. 
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Core 
No. Core Material Core Ccating* Dry Perm. 
1 Zircon supplier No. 4 Graphite-base approx. 35 
2 Zircon (Gr. B) supplier Graphite-base 52 
No. 3 
3 Zircon (Gr. B) supplier Special zircon 52 
No. 3 
4 Silicon carbide (12M Special zircon 90 
reclaimed) 
5 Zircon (Gr. C) supplier Graphite-base 55 
No. 2 
6 Zircon (Gr. C) supplier Special zircon 55 
No. 2 
7 Zircon supplier No. 4 Special zircon approx. 35 


* Make-up of coatings same as in Fig. 21. 





Figure 23 


re-enforcing methods on the influence of penetra- 
tion. 

Some other refractory materials, such as magnesite 
and calcined Pennsylvania flint clay, were tested, but 
did not appear to be of any commercial benefit. 


Effect of Additives to Core Sands 


A series of tests was made to show the effect of var- 
ious additives such as fire clay, fly ash, iron oxide, 
bentonite and chemically-treated cellulose on both 
high and low permeability base sands. 

Figure 24 shows the results of a test where fire clay 
additions were made to No. 60 silica sand and to a 
1/1 mixture of No. 60 sand and Providence core sand. 
The merits of sea coal, a cushioning agent, was also 
investigated. Fire clay additions of 5 and 10 per cent 
by weight to the 1/1 No. 60 sand—Providence core 
sand mixture appreciably reduced penetration be- 
cause of the lower permeability (see cores No. 4 and 
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Sand Type, % Additives, % Properties 
Core No. 60 sth i ie, ae 
No. Silica Providence Fire Clay SeaCoal Perm. Strength 
100 240 160 
2 95 5 180 150 
3 90 10 175 45 
4 4714 471 5 80 110 
5 45 45 10 90 35 
6 85 5 10 — 45 
7 90 5 5 255 90 


Core coating-silica base water type core wash 
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Core Tensile 


No. Sand Type, % Additives Perm. Strength 








1 0.5% Fireclay 
2% Pitch Comp. — 140 
2 98 No. 60 Silica 2% Iron Oxide 190 330 
3 97 No. 60 Silica 3° Iron Oxide 190 310 
Specially Compounded 


58.5 Beach 
39 No. 70 Sand 


4 96 Providence 4%, Fireclay* 29 130 
5 96 Providence 4%, Fireclay** 28 205 
6 91 Providence 9% Fireclay 27 65 

68 No. 60 Silica 115 55 


, 32 Cook Sand 


*2% Core oil by vol. ** 214% Core oil by vol. 





Figure 25 


No. 5). Additions of fire clay and fire clay with sea 
coal to No. 60 sand (cores No. 2, No. 3, No. 6 and 
No. 7) were not satisfactory because of the high per- 
meabilities. 

Additions of 4 per cent and 9 per cent fire clay to 
Providence core sand having permeabilities of 27 to 
29 produced cores which were practically free of pene- 
tration (see cores No. 4, No. 5 and No. 6, Fig. 25). 
Additions of plain iron oxide and a specially com- 
pound iron oxide (containing some aluminum oxide, 
chrome oxide and activated carbon), to No. 60 sand 
(cores No. 2 and No. 3) did not offer possibilities be- 
cause of the high permeability of the mixes. 

The Providence core sand-fire clay mixtures are 
compared with other previously tested mixtures in 
Fig. 26. Core mixture No. 6, with 9 per cent fire clay- 
balance Providence core sand having a permeability 
of 10, compares favorably in penetration resistance to 
zircon sand (permeability 26), core No. 2. It is more 




















Sand Type, % Additive Properties 
Core No. 60 Tensile 
No. Silica Zircon Providence FireClay Perm. Strength 
l 100 190 210 
. 100 26 360 
8 50 50 70 300 
4 47.5 47.5 5 48 215 
5 95 5 29 225 
6 91 9 10 220 
7 100 29 310 


Core Coating——-Graphite Base-Water Type 








Figure 26 








Properties 
Core Tensile 
No. Core Material Core Coating Perm. Strength 
Graphite-base approx. 200 = 
Graphite-base $2 80 








1 No. 60 Silica 
2 83% No. 60 Silica 
17% Fly ash 
3 83% No. 120 Silica Graphite-base 18 80 
17% Fly ash 
4 Zircon (Gr. C) 
5 Zircon (Gr. A) 
6 No. 120 Silica 
7 No. 60 Silica 
* Zircon wash made by adding glutrin and water- 
equal parts, and mixed to 50° Baumeé. 


Graphite-base 24 240 
Graphite-base approx. 35 — 
Zircon wash* approx. 110 — 
Zircon wash* approx. 200 id 





Figure 27 


penetration resistant than the 100 per cent Providence 
core sand mixture (No. 7) having a permeability ot 
29. The 5 per cent fire clay-balance Providence mix- 
ture (core No. 5), having a permeability of 29, com- 
pares favorably in penetration resistance to the 
straight Providence mixture (core No. 7), also with a 
permeability of 29. The higher permeability mixtures 
are penetrated to varying degrees. 

Further comparisons were made with the specially 
compounded iron oxide, irom oxide-bentonite, and 
fire clay mixtures. In general, unless the permeability 
value was low, satisfactory penetration resistance was 
not achieved. The addition of 2 per cent iron oxide 
and 3 per cent chemically-treated cellulose to 120 
silica sand produced a core which was completely 
penetrated. This mixture had a permeability of 87. 

Additions of fly ash, 17 per cent to No, 60 sand and 
to No. 120 silica sand, were made in order to reduce 
the permeability of the core in the range of zircon 
sand. See Fig. 27. The fly ash mixtures (cores No. 2 
and No. 3), having much lower permeability (perme- 
ability 32 and 18) than the base sand mixtures, show 
a considerable improvement in resistance to penetra- 
tion but are not as satisfactory as the straight zircon 
mixtures (cores No. 4 and No. 5). 


Effect of Core Coatings 


In general, core washes should be relegated to the 
function of improving surface finish when used in 
conjunction with core materials of suitable penetra- 
tion resistance. 

It is not expected that a wash can compensate in 
penetration resistance for cores that are made from 
improper sand mixtures. Core washes can be an aid 
in producing smoother, cleaner-surfaced casting, when 
applied to good core mixtures, and that is all they 
should be intended to do. 

However, many core washes were tested in this in- 
vestigation in search for a penetration-fesistant coat- 
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Baumé 
Core of 
No. Core Material Core Coating Coating Perm. 





1 No. 60 Silica Sand Graphite-base 
50% No. 60 Silica 
50% Providence 


approx. 200 


~~ 
nm N 


Graphite-base approx. 60-70 

50% Providence ,,. v rs 
.,._. Mica-bas 4 x. 60- 

50% No. 60 Silica’ “~ *** 2 | ee See 

5 A ili 

50% No. 60 Silica silica flour-base 

50% Providence 

50% No. 60 Silica 

50% Providence 

50% No. 60 Silica 

5 

5 

5 


50+ approx. 60-70 
Zircon-base 504. approx. 60-70 


Silica flour-base 45 approx. 60-70 


f=7) 


50% Providence 
0%, No. 60 Silica 
0% Providence 

Core coating—All water type 


Oilless type 50 approx. 60-70 


~I 


or — 





Figure 28 


ing, but none was found that could be considered to 
be the principal means of preventing penetration. 
In all, 19 well known and recommended core washes 
from 10 suppliers were tested. The following points 
are mentioned to illustrate the general findings in this 
phase of the investigation, 

Figure 28 illustrates a test of six well known pro- 
prietary water vehicle type core washes. They were 
applied on a 1/1 Providence - No. 60 sand mixture 
(permeability approximately 65-70). This particular 
mixture was selected because it would be more 
apt to show up the relative merits of a wash for re- 
sistance to penetration, because it is usually moder- 
ately penetrated. The results show that none of the 
washes showed a substantial difference in penetra- 
tion resistance. 

Figure 29 shows the result of a comparison of a 
zircon sand wash with a graphite wash applied on 
three different base core sand mixtures. On the No. 
60 sand and No. 120 sand mixtures, which were pene- 
trated to varying degrees, the zircon sand wash actu- 
ally outlined the core (cores No. 2 and No. 4). The 
coating probably cracked permitting penetration be- 
hind it. The Providence sand cores (No. 5 and No. 
6) in this particular test were almost as free of pene- 
tration and as smooth as the zircon core (No. 7). 

The results indicate that on high permeability 
sands, such as No. 60 silica sand, core coatings will 
not eliminate metal penetration of the core. Some 
merit may exist for certain coatings when applied on 
lower permeability sands, such as No. 120 or Provi- 
dence, but the results appear to be erratic. On a good 
penetration resistant core material, such as zircon 
sand, almost any of the reputable core washes will 
give a smooth penetration-free finish. 


Conclusions 


Penetration of bronze into cores is greatly influ- 
enced by metal-static head and the permeability of 








Core No. Sand Type Core Coating 
1 No. 60 Silica Graphite-base 
> No. 60 Silica Zircon sand wash 
3 No. 120 Silica Graphite-base 
4 No. 120 Silica Zircon sand wash 
5 Providence Zircon sand wash 
6 Providence Graphite-base 
7 Zircon (Gr. “B’’) Graphite-base 


Zircon sand wash—Mix zircon wash to 50° Baumé, 
add 10 Ib zircon sand to 114 qt of the wash, then 
add 89 cc of core oil. 

Graphite coating—water type. 





Figure 29 


the core mixture. 

In general, the core mixtures that offered the most 
resistance to metal penetration were low in dry per- 
meability as compared with No. 60 silica sand. Zircon 
sand gave the most consistent results of the low perme- 
ability mixtures and’ is the most practical to use. 

Zircon sand (100 per cent) mixtures having a per- 
meability in the range 25-40 satisfactorily resisted 
metal penetration in all tests. A coarse grade of zircon 
(AFS approximate fineness 89), having a permeability 
of 70, did not resist penetration as well as the finer 
grade of zircon (AFS fineness 110-120) . This shows the 
importance of permeability in resisting metal pene- 
tration. 

Zircon - No. 60 silica sand mixtures gave quite sat- 
isfactory results in preventing penetration in the test 
casting when percentages as low as 50-50 by volume 
mixtures were used. Utilization of No. 60 silica sand 
with zircon increases the permeability and reduces 
the cost of the mixtures. There was evidence of vein- 
ing with these mixtures in the test which was later 
verified with greater severity when used as core mix- 
tures in large bronze pump casings. It is believed that 
the difference in the rates of expansion between the 
zircon sand and No. 60 silica sand produced stresses 
which were sufficient to cause the core to crack per- 
mitting “finning.” 

Providence core sand (100 per cent) mixtures, hav- 
ing approximately the same permeability as zircon 
sand, are not as consistent and as satisfactory in pre- 
venting penetration. Coarser grades of silica sand such 
as No. 120 and No. 60 get progressively worse in their 
resistance to penetration because of their higher per- 
meabilities. Providence sand containing additives such 
as fire clay, iron oxide compounds, bentonite, steel 
shot, etc., are quite resistant to penetration because 
of the low permeability but are not as consistently 
good as zircon sand. 

Fly ash—silica sand mixtures with equivalent per- 
meability to that of zircon sand were not as good in 
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their resistance to penetration. 

Forsterite and magnesite do not appear to offer 
possibilities as core materials for resistance to pene- 
tration. 

Chrome ore appears to offer possibilities, but must 
be screened to the proper finer grain sizes for maxi- 
mum resistance to penetration. 

By-product zircon, having permeability twice the 
permeability (permeability 67) of fine zircon and 
obtained at a great saving over zircon, showed up well 
in the test and gave excellent results in actual produc- 
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tion castings. Unfortunately, this product is no longer 
available due to new and more efficient methods of 
refining on the part of the producer. 

Core washes did not compensate for core mixtures 
that did not have suitable penetration resistance. 


Acknowledgment 


Acknowledgment is made to B. F. Shepherd, Chief 
Metallurgist and H. D. Horton, Foundry Superin- 
tendent, Ingersoll-Rand Co. who made possible and 
encouraged these studies. 








IMPROVING THERMAL CONDUCTIVITY 
AND ECONOMY OF FOAM PLASTER MOLDS 


By 


R. F. Dalton* 


ABSTRACT 

Use of foam plaster for metal castings had its greatest accept- 
ance in production of aluminum automotive castings of the 
automatic transmission type. Metal sections of aluminum vanes 
are very thin. Low heat conductivity and smooth surfaces ob- 
tainable with foam plaster cores are used to good advantage 
in this type of operation. High permeability of foam plaster 
is a requirement for this type of casting. 

Low heat conductivity of foam plaster is a disadvantage when 
producing castings with heavier metal sections. This disad- 
vantage may be overcome by using external chills embedded in 
the foam plaster or by using the plaster cores in semi-permanent 
mold operations. Another method of improving heat conductiv- 
ity of foam plaster is to increase mold density. This is done 
easily and economically by mixing a clean silica sand with 
the plaster. This is especially adaptable when the shape of the 
casting being made prevents economical use of an external chill. 

Heat conductivity of foam plaster is directly related to the 
dry mold density. Results are given for theoretical “k” value. 
Other properties such as permeability and wet and dry strength 
with varying amounts of sand, air and water are given. The 
base plaster used is low (32-35) consistency of the alpha gypsum 
type and should not be confused with molding plasters of 
higher (64-66 cc) consistency. (Consistency is the number of cc’s 
of water used per 100 grams of dry material.) 


Introduction 


Several papers have been published on foam plas- 
ters by Miericke and Johnson,! Miericke,? and Dal- 
ton.* More recent articles are listed in the Bibliog- 
raphy.*5:6 Since the publication of the above men- 
tioned papers several improvements in formulation 
and handling technique have been developed. These 
improvements were the result of research and shop 
practice in an attempt to solve the problem of the low 
heat transfer encountered when using foam plaster. 

Examples of thin section work over large areas 
are shown in Fig. 1. These aluminum (Alcoa 43) 
castings are about 36 in. x 60 in. with a 3/16-in. wall 
and were readily poured at 1250 F with no evidence 
of “cold shuts.” They serve to demonstrate the slow 
cooling effect or low heat conductivity of foam plaster 
molds as compared to green sand, dry sand or per- 
manent molds. The increasing use of insulating riser 
sleeves of the foam plaster type is further evidence 
of the low heat conductivity of this type of molding 
medium.? 


* Foundry Engineer, Hills-McCanna Co., Chicago. 
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Heat Conductivity 


The heat conductivity of chills, sand and plaster 
may be roughly expressed as a 1:6:16 ratio. That is, 
a metal section requiring 1 min to freeze in a chill 
mold will require 6 min to freeze in a sand mold and 
16 min to freeze in a plaster mold. In matchplate 
practice slow cooling is somewhat offset by casting 
the metal-at a low pouring temperature, such as 1085 
F for Alcoa 43 aluminum alloy in a 4-in, to 3%-in. 
section. 

Foam plasters are normally of low density and 
hence low heat conductivity because of the use of 
air and water. Water is a necessary ingredient because 
plaster is a hydraulic slurry requiring water to de- 
velop strength and fluidity. Air is required to develop 
permeability by the creation of interconnecting air 
cells. The amount of water required for the hydraulic 
slurry depends on 

(1). normal consistency of the plaster base (re- 
lated to particle size, shape of the plaster crystal and 
formulation) , 

(2). amount of air required to develop the desired 
permeability. 

Increasing the amount of air requires more water 
to make slurries of comparable fluidity. An increase 





Fig. 1—Examples of thin section work over large areas. 
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Tasie 1—TeEst REsuLTs 
Water, Weight, Compressive 
cc/100 gr Set, Ib/cu ft % Vol. Weight, lb/cu ft Strength, psi A.FS. 
% Sand of dry mix min. (No Air) Inc. Wet Dry Wet Dry Permeability 
0 80 26 93.5 116 43.3 25.1 70 190 210 
0 60 17 100. 78 56.0 36.0 60 170 45 
0 53 10 103. 75 58.7 36.6 60 175 35 
0 53 17 103. 63 63.0 40.6 80 210 30 
25 50 18 104. 101 51.0 38.1 60 175 100 — 
2 50 14 104. 89 54.8 40.2 80 230 65 
Pas) 50 15 104. 78 58.1 42.6 90 250 35 
33 50 22 104. 93 53.6 38.2 45 120 115 
33 50 16 104. 85 56.0 40.5 55 160 55 
33 50 16 104. 71 60.6 43.1 65 185 40 
50 40 18 109. 96 55.3 41.1 35 100 130 
50 40 19 109. 77 61.6 45.7 45 120 55 
50 35 15 112. 83 61.4 49.6 55 160 65 
50 35 13 112. 61 69.5 52.4 95 290 30 
50 35 il 112. 56 71.6 54.0 115 315 2u 
| 140 
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Fig. 2—Graph showing Dry Density vs. “k” Value. 


in dry mold density and hence higher heat conduc- 
tivities may be accomplished by 

(1). use of inerts of higher heat conductivies than 
plaster, 

(2). use of inerts that reduce the normal consis- 
tency (the amount of water used), and 

(3). more interconnecting air cells, hence less air 
for the same permeability. Attempts to use inerts of 
higher density, such as silicon carbide and iron oxide, 
were not too successful because of sizing difficulty and 
economy. Clean silica sand was used because of econ- 
omy, availability and easy control of the particle size. 

Sand as an inert dilutent increases the dry mold 
density for the following reasons: 

(1). Larger particle size reduces the amount of 
water required, (Lowers the consistency.) 


Fig. 3—Graph showing Dry Density vs. Permeability. 


(2). The reduction in use consistency increases 
mold permeability for the same dry density. Hence 
for the same permeability less air may be used result- 
ing in an even higher dry density and greater heat 
conductivity. 

(3). Use of less air volume for a given permeability 
permits the use of less water for a given fluidity, fur- 
ther increasing the dry mold density. 

Although the use of sand would normally reduce 
the strength of the mold, the actual strengths ob- 
tained are moldable. As in the case of mold density, 
the strength of the mold is also affected by the amount 
of water and air used in the mixture and lower water 
and air contents are more than enough to compensate 
for the loss of strength from the sand dilution. Ex- 
cessive mold strength is many times undesirable be- 
cause of the difficulty of drawing patterns and 
extracting cores from core boxes. As an example of 
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Fig. 4—Graph showing Volume Increase vs. Permeability. 


low mold strength, matchplate plaster, normally 
mixed at 130-150 cc has a green compressive strength 
of about 100 psi and is the best plaster material avail- 
able for the extraction of wood patterns. 

Results of the tests are shown in Table 1. Com- 
parative data on dry mold density vs. “k” values are 
shown in Fig. 2. Dry density vs. permeability at vary- 
ing use consistency is shown in Fig. 3. Variation in 
permeability with varying amounts of air is shown in 
Fig. 4. 

Discussion of Mixing Techniques 


Some test mixtures were made using a slow speed 
mixer with about 300-gram batch sizes. With constant 
batch size, the amount of air introduced into the 
slurry will depend on the fluidity of the mix which is 
largely determined by the consistency or the amount 
of water used. At the same consistency the most prac- 
tical method of changing the amount of air in the 
mixture is to change the batch size. With other fac- 
tors held constant, a decrease in the batch size will re- 
sult in an increase in the amount of air. The high 
speed discs throw air into the mixture until the vor- 
tex is closed. At that time the discs cut up the air 
bubbles until they are no longer visible to the eye. 

Larger size batches were made of 5, 60, 120, 200, 
500, and 750 Ib. The smaller batch sizes in this series 
were made using flat discs and the larger ones with 
wire whips and propellors. See Fig. 5. It is important 
in the mixing operation that all the slurry be in mo- 
tion. If the mixing equipment is too small, air 
may be mixed in the upper portion of the batch. 
This will leave the lower portion as a dense airless 
mass which, on pouring over the pattern, will form 
a layer of extremely hard plaster. This plaster will 
be incapable of being dried properly and metal will 
not lay quietly on it. It is preferable to have the mix- 
ing equipment correlate with the batch size so that 
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the following conditions may be met: 

(1). The mixer should be capable of going to the 
bottom of the mixing vessel and thoroughly mixing 
the plaster with the water. This prevents the forma- 
tion of lumps. 

(2). The mixer should rotate fast enough to intro- 
duce air in a reasonable length of time. This depends 
on the batch size. As examples, air is introduced into 
batches of less than 60 Ib in | min or less, whereas 
the 750 lb batches required about 8 min to introduce 
the air. The chief reason for this longer time was be- 
cause of the type of available mixer. Wire whips and 
propellors used on larger batches do not introduce 
air into the mix as rapidly as higher speed flat discs. 

(3). The mixing equipment should be correlated 
with the batch size so that when the desired amount 
of air has been introduced, the batch can then be 
mixed in such a manner that the air bubbles are re- 
duced to a reasonable size. This usually requires 
equipment of such size that when the desired amount 
of air has been added, no more air will be added dur- 
ing the homogenization of the air. 

The sand addition may be made to the dry plaster 
or it may be added directly to the mixing water be- 
fore the plaster addition. The slurry siiw..'< be mixed 
long enough so that it starts to cream otherwise there 
is the hazard of having the heavier sand particles fall 
and pack too tightly on flat surfaces of the pattern 
face. Although this condition may be desirable on 
flat portions of some plate jobs it is to be avoided as 
a general rule. It is sometimes good practice to add 
an accelerator, such as a solution of potassium sul- 
phate, just before the mixing operation is completed. 
This should result in a more fluid mix at the time of 
pouring with a more rapid set for faster pattern turn- 
over. 

Use of Chills in Foam Plaster 


Foam plaster cores may be used in conjunction with 
sand or permanent molds. Contour chills may be 
used in the foam plaster itself. The chills may be set 
directly on the pattern surface and the foam plaster 
poured directly over them; or the mold may be par- 
tially filled with foam plaster and the chills then set 
in their proper places through the foam plaster on 
the pattern surface. General practice in matchplate 





Fig. 5—Foam mix ready to pour. 
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work is to use only internal chills that become a part 
of the casting. This practice is used because of the 
relatively high shrinkage encountered in drying this 
type of plaster. The drying shrinkage of foam plaster 
is quite low, about 0.001 in./in., or about the same 
as set expansion, thus chills embedded in the plaster 
are held tightly and are not subject to falling out as 
is the case with plasters with higher drying shrinkage. 
The foam plasters used in this work are all of a 
formulated low (32-35 cc) consistency plaster origin- 
ally containing no large percentages of inert filler 
such as silica flour, talc, asbestos, etc. Foam plaster 
is alkaline for low expansion. Patterns should be 
well lacquered before use. It is important that pat- 
terns be as smooth as possible with no back draft. 


Conclusions 


The low heat conductivity encountered in foam 
plasters may be increased when desired by adding 
sand to the mixture. Chills may be used where needed 
to equalize the freezing rate of heavier metal sections. 
Cores of foam plaster may be used in conjunction 
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with permanent molds to produce better castings. 
Use of foam plaster with contour chills and sand 
additions should result in the production of better 
aluminum castings especially where internal chills 
are detrimental for soundness and pressure tightness. 
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FOUNDRY HYGIENE PROBLEMS 


By 


H. J. Weber* 


Hygiene problems treated in this paper are set down 
so that foundrymen will be aware of them. It does 
not necessarily follow that if a foundry is using ma- 
terials mentioned or has operations similar to those 
mentioned in this paper that a health hazard exists. 
It may be found that the situation is primarily one 
of nuisance and the problem would be greatly simpli- 
fied in the control methods adopted. On the other 
hand, it may be found that what was thought to be 
a nuisance contains a health hazard which would 
greatly complicate the design of the dust control 
and ventilation system. 

Most foundries are not equipped to make environ- 
mental measurements or analysis of dust. It is there- 
fore recommended that they obtain the services of a 
competent industrial hygienist to analyze the opera- 
tion before an attempt is made to design and install 
dust control and ventilation equipment. 

All recommended threshold limit values and maxi- 
mum allowable concentrations when mentioned in 
this paper are the recommendations submitted by 
the American Conference of Government Industrial 
Hygenists and/or the F.I.S.A. 

Maximum allowable concentrations are given for: 

(1) Gases and vapors in parts per million parts of 
air. 

(2) Dusts in million particles per cubic foot of air. 

(3) Metals in milligrams per cubic meter of air. 

(4) Radiation in milliroentgens per week. 

(5) Noise in decibels. 

Most foundries are not equipped to make environ- 
mental measurements of this kind but threshold limits 
are given so that the foundryman can ascertain the 
relative toxicity of the principal contaminants in his 
plant. For example, it will be seen later that at least 
66 times as much iron oxide can be tolerated in the 
atmosphere as lead. 

In regard to the medical phase of worker protection, 
good practice suggests as a minimum: 

(1) Pre-placement physical examination and chest 


*Chief Industrial Hygienist, American Brake Shoe Co., 
Chicago. 
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x-ray. This enables management to place an employ- 
ment applicant on a job suitable for him without 
endangering fellow employees. For example, a man 
without depth perception hardly qualifies as a crane 
operator. 

(2) Annual physical examination and chest x-ray. 
This practice keeps the company’s medical department 
informed of the state of an employee’s health so that 
incipient disease can be arrested early; reclassification 
of employment can be made; or other action can be 
taken as indicated by the examination. This redounds 
to the benefit of both the employer and employee. 

(3) Adequate first aid facilities in case of injury or 
illness. The benefits of first aid are obvious and in 
most cases required by regulatory authority. 

The following sections indicate when remedial 
measures are required and how they can be accomp- 
lished. 

In the following section, characteristics of materials 
that may be encountered in foundry practice are dis- 
cussed. 

Acrolein (Acrylic Aldehyde) 


This gas forms in foundry operations from the 
thermal decomposition of core oil. It is toxic but has 
adequate warning properties. It is so irritating to 
the eyes that man cannot tolerate a concentration 
that would permanently injure him or cause death. 
It may be ordinarily considered as a nuisance gas 
rather than a toxic material because in practice ex- 
posure of 5 minutes to one part per million parts 
of air is intolerable. The maximum allowable con- 
centration is 0.5 part per million parts of air. 

Hygienic control consists preferably of local exhaust 
ventilation or air dilution by general ventilation. 


Aluminum 


As far as the casting and processing of aluminum is 
concerned, the metal may be considered non-toxic. 
The principal danger is from fires and dust ex- 
plosions in dust collecting systems. 
Antimony 
Cases of industrial poisoning from antimony are 
rare and in foundry operations it probably is an un- 
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important contaminant. Men exposed to antimony 
fumes and dust have rarely developed dermatitis and 
ulceration of the nasal passage. 

The maximum allowable concentration is 0.5 milli- 
gram of antimony per cubic meter of air, a value not 
likely to be encountered with the percentages of anti- 
mony used in founding today. 


Beryllium 


It is only in recent years that this metal was recog- 
nized as an industrial hazard. There are two mani- 
festations of beryllium poisoning; the acute pulmon- 
ary disease similar to pneumonia and a delayed 
chemical pneumonitis now usually called pulmonary 
granulomatosis. 

Most of the cases reported in the literature occurred 
in the fluorescent lamp manufacturing industry where 
the exposure was to beryllium phosphors; but six 
cases of typical pulmonary disease due to the metal 
were reported in one plant engaged in casting a 5 
per cent beryllium copper. Beryllium copper castings 
manufactured today contain about 114 per cent beryl- 
lium and no cases have been reported from the use 
of this alloy. 

From the data presently available, it appears that 
only a few persons are susceptible to chronic beryl- 
liosis and that mere traces of the metal in the atmos- 
phere can produce symptoms in them. A susceptible 
person may show symptoms when exposed to the 
extremely low value of 1 microgram per cubic meter 
of air. Authenticated “neighborhood cases’’—people 
who lived near a beryllium plant—seem to substan- 
tiate this, since they were exposed to extremely low 
conrentrations of dust. 

There are not sufficient data available upon which 
to base a maximum allowable concentration, but some 
investigators believe that in-plant atmospheric con- 
centrations should not exceed 2 micrograms per cubic 
meter of air as an average for an 8-hr day, and that 
no one should be exposed to a concentration in excess 
of 25 micrograms per cubic mejer of air for any 
period, however short. These are extremely minute 
values and to maintain an environment so free of 
contamination requires exceptionally good dust con- 
trol, housekeeping, and personal hygiene. 

When compounds of beryllium come in contact 
with cuts or abraded surfaces of the skin, deep ulcers 
may be formed which are very slow in healing and 
treatment sometimes requires complete surgical ex- 
cision of the affected area to effect a cure. 

An interesting feature of beryllium poisoning is 
the delayed effect which sometimes occurs. The onset 
may be delayed for many months or years after the 
final exposure of the patient. Mortality is high. 


Because of the mysterious nature of the effects of 
this metal on man, foundries engaged in the produc- 
tion of beryllium-copper castings (if they do not have 
an industrial hygiene staff) would do well to use an 
industrial hygiene consulting service or their State 
unit of the U. S. Public Health Service, which is free, 
in establishing a regimen of atmospheric control. 
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As far as medical procedures are concerned the 
following are suggested. 

(1) Preplacement examinations, 

(2) Periodic examinations. 

a. Weekly for employees where acute intoxica- 
tion is possible, monthly for those where 
chronic poisoning might occur. 

b. X-ray of chest every six months. 

c. Special examinations upon presentation of 
complaints or on persons who have under- 
gone surgical operations. 

(3) Termination examinations. 

The periodic examination should include weight, 
vital capacity, breath holding test, examination of 
skin, examination of nose and throat. 

It has been recommended that applicants with the 
following abnormalities be rejected for employment 
where a beryllium exposure is possible: chronic cough, 
chronic respiratory infection; chronic malaria; disease 
of liver, kidneys, or heart; abnormal blood pressure. 

Great stress seems to be placed upon the immediate 
investigation of any worker in whom there develops 
cough, pain or tightness of the chest, anorexia, loss 
of weight, or shortness of breath. 


Chromium 

Air contaminated with chromic acid mist or with 
chromates or dichromates is the principal exposure 
to chromium in industry. In this form it causes chrome 
ulcers and dermatitis. 

In founding, particularly in the manufacture of 
stainless steel castings, chromium is present in the 
air as the element or as a chromic salt (chromic oxide 
Cr,O;). Exposures occur from melting, gate and head 
burning, and grinding. Elemental chromium or 
chromic oxide have not been conclusively demon- 
strated to be toxic. There is some evidence that this 
oxide can be irritating to the nose and throat, and 
both the element and the oxide can produce der- 
matitis. 

Systemic diseases definitely traced to chromium 
compounds are rare. Some investigators have noted 
a high incidence of pulmonary carcinoma among 
workers who were exposed to chromates rather than to 
elemental chromium or chromic oxide. 

Little difficulty from chromium has been experi- 
enced in the manufacture of ferro-chrome castings 
except mild irritation of the nose and throat in sus- 
ceptible persons working as burners. 

The maximum allowable concentration for chromic 
oxide is 0.1 milligram per cubic meter of air. This 
value is easily exceeded in the case of unexhausted 
burning and grinding operations involving ferro- 
chrome castings. 


Fluorides 


Fluorides, sometimes in the form of cryolite 
(sodium aluminum fluoride) are used in the manu- 
facture of nodular graphite cast iron and magnesium 
castings. 

Various degrees of respiratory irritation may result 
from the inhalation of fluorides in the form of dust. 
This is accompanied after a few minutes by a dis- 
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charge from the nose or nose bleed. No such effects 
are noted when the concentration does not exceed 2.5 
milligrams per cubic meter of air which is the thres- 
hold adopted in the United States. 

Cryolite is much less soluble in body fluids than is 
sodium fluoride and consequently, the danger of 
physiological effects is less with cryolite than with 
the more soluble fluorides. 

In the manufacture of ductile iron or magnesium 
castings, the threshold limit is easily far exceeded: 
Exhaust ventilation is usually indicated at the station 
where inoculation occurs. 


lron Oxide 


Fumes and dust of iron oxide occur during melting, 
burning, pouring, grinding, welding and machining 
operations connected with the manufacture of all 
ferrous castings. Exposure is particularly high when 
manganese steel castings are involved. 

Iron oxide is physiologically inert but it produces 
a pulmonary condition called siderosis which is non- 
disabling. Particles of iron oxide are radio-opaque 
and produce nodular shadows in a chest roentgen- 
ogram that resemble the discrete fibrotic nodulation 
of silicosis. As a result cases of siderosis are frequently 
confused in radiographic diagnosis with silicosis, a 
disabling disease, and compensation awards have been 
made on the basis of chest x-ray evidence alone when 
actually no disability was sustained. 

The nodular shadows of siderosis may be compared 
to a tatoo mark on the arm, They are permanent but 
there is no loss of function. In severe exposures—80 
milligrams of iron oxide per cubic meter of air— 
siderosis can be produced in as short a time as one 
year. 

The recommended maximum allowance concentra- 
tion of iron oxide expressed as Fe,O; is 10 milligrams 
per cubic meter of air per 8-hr day. In all of the 
job exposures mentioned above, the threshold limit 
will usually be greatly exceeded unless adequate 
exhaust ventilation is provided. In the case of machine 
grinding operations, exposure can sometimes be con- 
trolled by adding a wetting agent to the coolant. 


Lead 


In non-ferrous foundries, lead presents the greatest 
hazard to health. All lead and its compounds are toxic 
but in varying degrees according to their solubility 
in tissue fluids. 

In foundry processes, it is evolved as lead oxide 
in melting, pouring and welding operations. This is 
a very soluble form. In cleaning and machining op- 
erations, it occurs in the dust formed as elemental 
lead. , 

The maximum allowable concentration for lead is 
0.15 milligrams per cubic meter of air. In foundry 
work, if the average atmospheric concentration of 
lead is kept below 0.15 milligrams per cubic meter of 
air, men can work in that exposure for extended 
periods without experiencing symptoms of lead in- 
toxication. At 0.50 milligrams per cubic meter, most 
workers will experience symptoms more or less serious. 
In practice this value, 0.15 milligram per cubic meter 
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of air, is usually difficult to meet without adequate ex- 
haust ventilation. Even in the manufacture of “pure” 
copper castings there is often sufficient lead present 
as impurity to produce excessive atmospheric concen- 
trations of lead. 

In any non-ferrous casting work, where lead is 
present as a “trace’’ metallurgically, there may be a 
hazard to health. 

Lead can enter the body by ingestion or by inhala- 
tion so that even in the case of good dust control, 
cases of lead intoxication can occur, if food is per- 
mitted to be eaten in work areas, or liquids drunk 
from open containers, such as milk bottles. Foods and 
liquids may absorb lead dust and fume in sufficient 
amount to produce poisoning. Industrial experience 
has shown that such practice is unwarranted. 


Magnesium 


Apart from its inflammable nature, magnesium has 
not been shown to be poisonous as such. The maxi- 
mum allowable concentration is 15 milligrams per 
cubic meter of air. Wherever magnesium is processed 
producing dust or chips, serious explosive and fire 
hazards are produced. Required special attention 
should be given to disposal methods. Fire and explo- 
sion are outstanding hazards. Recent research has 
now shown that finely divided oxides of magnesium 
can produce metal fume fever. 


Manganese 


Acute intoxication is almost unknown, and chronic 
intoxication is rather infrequent industry-wide. 

In foundries, manganese is usually associated with 
the production of manganese steel castings and man- 
ganese bronze. The maximum allowable concentra- 
tion is 6.0 milligrams per cubic meter of air. This 
value is seldom exceeded in the foundry industry even 
in the case where no exhaust ventilation is provided. 


Noise 


Loss of hearing from industrial noise is now recog- 
nized as a definite occupational injury. There are 
insufficient data available in the field to establish 
noise levels in the various frequencies or octave bands 
above which impairment of hearing will result. 

To make the problem more complicated, it is diff- 
cult if not impossible to distinguish the amount of 
loss of hearing due to advancing age and that due 
to occupational exposure. 

Measurements already made, show that tumbling 
mills, shakeouts, grinding and chipping jobs, electric 
arc furnaces, air cylinders and gas-fired ladle heaters 
and furnaces, jolters, and vibrators are among sources 
of noise in the foundry, 

Pre-employment audiograms will measure a job 
applicant’s hearing threshold. Periodic audiograms 
will show whether there is any early or unusual loss of 
hearing taking place. 

Prevention and control of industrial noise is difficult 
and the services of an engineer who has specialized 
in the problem is usually necessary in order to obtain 
noise reduction worth the cost involved. 
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Phosphorus 


This element is used in the manufacture of phos- 
phor-copper. Acute poisoning from phosphorus has 
not been demonstrated. Chronic poisoning o¢curs 
slowly following inhalation of fumes. It is believed 
that necrosis of the jaw occurs when phosphorus 
enters the system by way of cavities in teeth. Pathology 
of the bones is characteristic of poisoning by phos- 
phorus. 

Chronic cases in industry are not uncommon and 
because cavities afford a suitable background for the 
beginning of the disease, persons with poor dental 
hygiene should not be exposed to the fumes for pro- 
longed periods. 

Phosphorus ignites spontaneously in air to form 
phosphorus pentoxide (P,O;) and must be stored 
under water. Because of the ignition characteristics, 
burns frequently occur in industry which are often 
complicated by chronic poisoning because the sub- 
stance is absorbed from the burned area. 

The maximum allowable concentration is 0.1 milli- 
gram per cubic meter of air. This limit may easily 
be exceeded during the phosphorizing phase of melt- 
ing phos-copper. Local exhaust ventilation is usually 
indicated. 


Resins 


With the advent of shell molding, more resins are 
used. They are of the thermosetting type. That is, 
once the resin is cured, it cannot be softened or re- 
molded. There are various types on the market such 
as the phenol-formaldehyde and urea formaldehyde 
resins, some of which contain hexamethylenetetra- 
mine. 

The phenol-formaldehyde resins on heating give 
off odors of phenol and formaldehyde. Urea decom- 
pose to ammonia and carbon dioxide so that in shell 
molding one often notices a distinct odor of ammonia. 
Hexamethylenetatramine is a skin irritant and upon 
exposure to heat decomposes and releases formal- 
dehyde. All of these are toxic, but in severe concen- 
trations, man cannot tolerate them. In practice then, 
fumes from the resins will at least be a nuisance and 
the degree of nuisance will indicate whether exhaust 
ventilation is justifiable. 

Some resins used are skin irritants and are capable 
of producing dermatitis in susceptible persons. Resin 
dust like cereal flour or coal dust suspended in air 
can be highly explosive. 


Seal Coal 


This is a common facing molding sand ingredient, 
used in the foundry. It is principally carbon. Carbon 
dust gives rise to a pulmonary condition called anthra- 
cosis which is responsible for characteristic shadows 
in a chest x-ray. It has been considered as a relatively 
harmless condition. Recent research, however, has 
indicated that it may be a true disease. 


Silica 


Silica is one of the principal atmospheric contami- 
nants in the foundry. The chemically combined silicas, 
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other than asbestos, are regarded as being physiologic- 
ally inert. Thus silicates such as bentonites, slag wool, 
etc., are not known to produce disabling disease. 

Free silica (SiO,) does cause the occupational 
disease known as silicosis which is characterized in 
x-rays principally by nodular shadows due to true 
fibrosis of the lung tissue and clinically by decrease 
of pulmonary function. It is disabling in advanced 
stages or when accompanied by tuberculous infection. 

Usually three factors must be present simul- 
taneously to produce silicosis: 

(1) Duration of exposure. Two years or longer are 
required, depending on degree of exposure. 

(2) Respirable particle size. Particles of free silica 
in excess of 5 microns in diameter are not regarded 
as being physiologically significant because they are 
too large to reach the innermost part of the lungs 
where chemical reaction occurs. 

(3) Concentration of dust. The tolerable concentra- 
tion depends on the percentage of free silica in the 
dust. 

One of the greatest sources of exposure is the un- 
controlled use of silica flour either in molding sand 
or in core washes and sprays. This material falls in 
the dangerous particle size range and is usually 100 
per cent free silica. Zirconite, which is non-toxic and 
has a specific gravity of approximately twice that of 
silica, has been an effective substitute for silica flour 
in some applications. Because of its density and 
tendency to flocculate, zirconite dust settles very 
rapidly. 

Sand handling and conditioning systems, shake- 
out, and sometimes sand slinging operations consti- 
tute sources of exposures to silica dust. 

Dust sources are usually more severe in mechanized 
plants but this is offset by the fact that they are 
better adapted to control by local exhaust systems. 

Good housekeeping is one of the most important 
ways of controlling the hazard from silica dust. There 
is good evidence that the incidence of silicosis is in- 
versely proportional to good housekeeping. 

The higher the level of housekeeping, the lower 
the number of cases of occupational disease. 


Silicones 


In foundries silicones are used as mold release agents 
during shell molding. Experience to date indicates 
that they are not a serious hazard to health. 

Non-hydrolyzable silicones uséd as mold release 
agents are of a very low order of toxicity. From a 
practical viewpoint, the hazards from handling them 
are minor. However, silicones are new chemicals and 
sufficient toxicological studies have not been made to 
determine that the non-hydrolyzing types can be 
ignored, 

Although the non-hydrolyzing types of silicones 
appear neither toxic nor irritating, the hydrolyzing 
types are highly corrosive. From a practical viewpoint, 
they present hazards from vapor inhalation and con- 
tact with the skin and eyes. In dangerous concentra- 
tions they have adequate warning properties so that 
an employee could not tolerate an atmosphere that 
would be harmful to him. 
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Care should be used in handling the hydrolyzing 
types since a small droplet splashed in the eye could 
cause serious damage and even the loss of the eye. 
Direct skin contact while likely to cause a severe burn 
is not apt to cause death unless a large portion of the 
body is exposed. 

Because there are many kinds of silicones available 
safe practices indicate that those of a low order of 
toxicity be used as mold release agents. These are 
the methyl, mixed methyl, and phenylpolysiloxanes. 


Solvents (General) 


Since there are so many solvents used in the foun- 
dry, it is impractical to treat them specifically here. 
There is no such thing as a safe solvent, except per- 
haps, water. Some are more toxic than others but all 
of them can be used safely if the toxic properties 
are known and safe handling procedures are followed. 

All containers of solvents should have warning 
labels attached, giving the chemical name and stat- 
ing the handling precautions. For example: 





CARBON TETRACHLORIDE 
DANGER! 


HAZARDOUS VAPOR AND LIQUID 
May Be FATAL IF INHALED OR SWALLOWED 


Use only with adequate ventilation. 


Do not use in confined unventilated places 
without protective respiratory equipment. 
Do not breathe vapor. 

Avoid prolonged or repeated contact with 
skin. 


Do not take internally. 





Most solvents are flammable so that in addition to 
their toxic properties they present the danger of fire 
or explosion. 

Given the chemical (not trade) name of the in- 
gredients, the characteristics and dangers of the sol- 
vent can be ascertained. There is a wide range of 
threshold limits because of varied toxicity factors and 
maximum allowable concentrations range from 5 
parts per million for nitrobenzene to 500 parts per 
million for petroleum naptha. 


Sulphur Dioxide 


Sulphur which is used as a deoxidant in the manu- 
facture of magnesium castings burns to sulphur 
dioxide. Breathing zone concentrations of the dioxide 
gas during the production of magnesium casting vary. 

A concentration of 10 parts per million is common 
and of 50 parts per million rare. The maximum allow- 
able concentration is 10 parts per million. 

Continued exposures in excess of the maximum 
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allowable concentration produce inflammation of 
the respiratory system, increased fatigue, excess acid 
in the urine, and alteration of the senses of smell 
and taste. 

Exposures to concentrations of the order of 500 
parts per million are dangerous to life. In foundries, 
this value will not be reached and concentrations 
in excess of the maximum allowable concentration 
are intolerable to man so that he will not remain 
in an atmosphere dangerous to life. 

The gas may be regarded as an irritant nuisance, 
and depending on degree, exhaust ventilation may be 
required. 

Tellurium 

Tellurium is used in foundry practice to increase 
the chill-depth hardness and to improve the machin- 
ability of alloys. It is usually used in very small 
amounts (5 grams to 800 lb of metal). 

The fumes of the element are toxic characterized 
principally by the garlic odor of the breath, and 
urine, suppression of sweat, dryness of the mouth, 
metallic taste, loss of appetite, salivation, and vomit- 
ing. Serious industrial poisonings are rare. 

The maximum allowable concentration is 0.01 
milligrams per cubic meter of air. If foul breath is 
to be avoided, this value should not be exceeded. 
Systemic poisoning does not occur unless the exposure 
is to a concentration of 0.8 milligrams or more per 
cubic meter of air. 

For practical purposes then, the presence or 
absence of tellurium breath can be relied upon to 
measure degree of exposure. If this is heeded as an 
indication of the need of control measures, injurious 
exposure are not likely to occur, 

Tin 

This metal is commonly used in alloys. It is con- 
sidered non-toxic. The inhalation of tin oxide over 
long periods may result in a non-disabling pneumo- 
coniosis, as demonstrated by x-rays. No cases have 
been reported in the foundry industry. 

In practice, it does not present a health problem. 
No maximum allowable concentration has been 
established. 

Zinc 

The inhalation of the fumes of zinc oxide gives 
rise to a malaria-like illness called brass-founders ague, 
zinc chills, smelter shakes, or metal fume fever. The 
illness rarely lasts more than a day, causes no per- 
manent disability, and is never fatal. 

When brass contains zinc, fumes of the oxide are 
readily given off in voluminous amount during melt- 
ing and pouring because of the low boiling point of 
the metal. 

The maximum allowable concentration is 15 milli- 
grams per cubic meter of air. 
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TECHNIQUES FOR IMPROVING STRENGTH 


AND DUCTILITY OF 


ALUMINUM 


By 


ALLOY CASTINGS 


W. D. Walther,* C. M. Adams, Jr.** and H. F. Taylor*** 


ABSTRACT 

This paper discusses principles and variables involved in 
making high strength aluminum alloy castings, as well as 
practical means for controlling factors necessary for obtaining 
maximum available strength from them. With the necessary 
conditions attained, mechanical properties equivalent to those 
of corresponding wrought aluminum alloys can be achieved. 

Detailed description is given of a reduced pressure test pro- 
posed by Baker, in England, for indicating gas content of molten 
aluminum, and evidence of the great value of this test as a 
quality control tool is presented. 


Introduction 


Aluminum, in many forms, finds its way into a 
variety of engineering applications, not the least of 
which is in aircraft structures. On a tonnage basis, 
wrought aluminum today represents the major share 
of this engineering material; but castings are playing 
an ever increasing role which would, no doubt, double 
or triple immediately if the mechanical properties and 
soundness of aluminum castings were better and more 
dependable. The foundry staff at M.I.T. has been 
working for the past three years to achieve this end. 

The search for factors responsible for low mechan- 
ical properties of cast aluminum alloys led directly 
to studies of alloy solidification. Of particular inter- 
est were the compounded ill effects of dissolved 
hydrogen, solidification shrinkage, and unfavorable 
mechanism of freezing on size, shape, and distribution 
of microporosity in cast structures. A literature review 
suggests some of the factors which lower mechanical 
properties of cast aluminum alloys as follows: 

1. Interdendritic porosity resulting from hydrogen 
evolution during solidification. 

2. Interdendritic porosity resulting from shrinkage 
during ‘‘mushy” type solidification. 

3. Weak or brittle material present at grain boun- 
daries (intermetallic compounds or dross). 

4. Grain size. 

Gas porosity has often been designated as the chief 
cause of low mechanical properties of cast aluminum 
alloys.1?3) The high solubility of hydrogen in 
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molten aluminum and very low solubility in solid 
aluminum causes gas evolution during solidification.’ 
Further, the mushy type solidification traps the gas 
interdendritically, resulting in small voids sometimes 
invisible even on a machined surface. These small 
voids are extremely damaging to mechanical proper- 
ties.2, Normal atmospheric conditions provide an un- 
limited source of hydrogen in the form of water vapor 
which reacts readily with molten aluminum accord- 
ing to the reaction: 
H,O + Al = 2H + AI,O,; 

The hydrogen released then enters the molten alumi- 
num. The extreme measures necessary for complete 
purging of gas from aluminum alloys have been de- 
scribed by Whittenberger and Rhines.* They found 
it necessary, using a vacuum apparatus, to vaporize 
part of the metal to purge it completely of hydrogen 
gas. In this case the metal vapor acted as a fluxing 
agent. In current foundry practice chlorine, or an 
inert gas, is bubbled through the molten metal and 
acts as the fluxing agent for removal of hydrogen. 

The high thermal conductivity and wide tempera- 
ture range of solidification in aluminum alloys result 
in a mushy type solidification.t The extent of pro- 
gressive solidification in aluminum alloy castings is 
limited. In general, nucleation occurs nearly simul- 
taneously over large portions of the casting and 
growth continues until isolated interdendritic pools 
exist throughout the casting. The liquid-solid shrink- 
age of these pools leads to interdendritic voids, and 
the presence of gas serves to enlarge these voids. 

Any techniques which will reduce the mushy zone 
during solidification will benefit mechanical proper- 
ties. The most important condition for achieving this 
is a high temperature gradient during solidification. 
An extensive survey on the effects of temperature 
gradients within a solidifying plate casting on the 
strength of aluminum-4.5 per cent copper alloy has 
been published by Ruddle.® Ruddle was able to 
show a definite correlation between temperature gra- 
dients and tensile properties. He also observed a 
marked drop in tensile properties occurred for pour- 
ing temperatures greater than 1310 F (700 C). 

A high thermal gradient within a solidifying cast- 
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ing usually means high freezing rate. Alexander and 
Rhines* have shown that fineness of the dendritic 
structure within grains of an aluminum alloy casting 
is dependent on cooling rate. In an aluminum alloy 
containing insoluble impurity elements, the solidifi- 
cation process leads to grain boundary and interden- 
dritic segregation of a brittle intermetallic phase. 
The combination of brittle constituent and voids re- 
duces mechanical properties. High cooling rates tend 
to produce fine dendritic structures and, therefore, 
give relatively fine distribution of brittle intermetallic 
phase. The fine distribution of brittle constituent 
resulting from high cooling rates has been advanced 
as a reason for improved mechanical properties with 
high rates of freezing. 

Mechanical properties of cast aluminum alloy may 
also be markedly affected by grain size.7 Reduced 
grain size increases strength and ductility, even 
though the total amount of dissolved gas remains the 
same.§ According to Cibula,’ the improved properties 
resulting from fine grain size is due to a favorable 
distribution of porosity and intermetallics at grain 
boundaries. Commercially, grain size of castings may 
be controlled by addition of grain refining elements 
such as boron, titanium, zirconium, tungsten, vana- 
dium and other transition elements. 


Plan of Work 


The ultimate purpose of this program was to find 
practical means for improvement of cast aluminum 
alloys. Factors involved as control variables in this 
study were: 

1. Temperature gradients in the casting. 

Thermal gradients existing in the casting solidi- 
fication were varied by changing riser size, changing 
severity of chill and using exothermic riser sleeves. 

2. Grain size. 

Changes in grain size were produced by the 
presence or absence of a grain refining element 
(titanium). 

3. Section size. 

Plate castings were made 5 in. wide and 8 in. 
long with thicknesses of 34, 1, and 11% in. 

Freezing rate was a dependent variable in the pro- 
gram. A change in freezing rate presumably changes 
the dendritic structure, and is largely dependent 
upon thermal gradients existing in the casting. How- 
ever, it was possible to isolate the effect of freezing 
rate (independent of thermal gradient) by using exo- 
thermic riser sleeves; this procedure resulted in the 
unusual combination of steep temperature gradients 
with slow freezing. 

Other factors were kept as constant as possible. The 
same gating arrangement was used for all castings. 
Meltdown and pouring temperatures were kept within 
close limits. Gas content of the melt was kept con- 
sistently low, and was checked before pouring. 


Experimental Procedure 


A. Materials—Three aluminum alloy systems were 
included in the program. However, most of the work 
was done with aluminum-4.5 per cent copper alloy 
with and without titanium additions. Compositions 
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of alloys used in this investigation are shown in 
Table 1. 


TABLE 1—-COMPOSITIONS OF ALLOYS INVESTIGATED 





Alloying Element, % 








Alloy Cu Zn Mg Fe Si Cr Ti Sn Aluminum 

195 45 — —@Q@3Q4 — — -— Remainder 

195 grain 45 — —03.04 —010 — Remainder 
refined 

195 modified 45 — — 0304 — 0.10 0.035 Remainder 

75S 1.6 5.6 2.5 0.3 04 0.13 0.10 — Remainder 





Materials used in preparing aluminum-copper and 
aluminum-copper-titanium melts were commercially 
pure aluminum (99.4 per cent), fire refined copper, 
and aluminum-5 per cent titanium hardener. The 
appropriate pure elements were added to the 99.4 
per cent aluminum to make proper compositions for 
the alloy systems. A master alloy (50 per cent Al-Cu) 
was prepared in the laboratory for making copper 
additions. 

Green sand molds were prepared with AFS No. 80 
sand, mulled with 4 per cent bentonite, 14 per cent 
cereal, and 4 per cent water. 
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Fig. 1—Arrangement of thermocouples and chills for ex- 
perimental plate castings. 


B. Gating and Risering.—The test pattern used is 
shown in Fig. 1. The pattern consisted of a plate, 
§x 5x %&% in., with risers 2, 3 and 4-in. diameter. The 
same gating system was also used for castings 1 and 
14 in. thick. All molds were tilted at a 7-degree 
angle so metal flowed up hill. Gypsum insulation 
was used, in powder form, on top of all risers to re- 
duce heat losses. 
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Fig. 2—Reduced pressure apparatus. Essential features 
are vacuum pump, bell jar, flat plate and rubber gasket 
and manometer. 


Three types of copper chills were used to vary 
severity of chill; these were plain chills (4, 6, and 15 
lb for 34, 1, and 114-in. plates, respectively), a 4-lb 
locking chill for the 34-in. plate, and water-cooled 
copper tubes (14, 3%, and 14-in. diameter for 34, 1, 
and 114-in. plates, respectively). In each case the chill 
(if any) was placed against the end of the plate cast- 
ing opposite the riser. 

C. Melting.—Metal was melted in a clay-graphite 
crucible placed in a gas-fired furnace. The crucible 
was preheated | hr before using to insure dryness. 
Thirty-pound charges of aluminum and master alloy 
were prepared and melted. Titanium master alloy 
(aluminum-5 per cent titanium) when used, was 
added after meltdown. Metal was superheated to 
1360 F (740 C) to insure solution of titanium, and 
poured at 1310 F (700 C). 

D. Degassing—An inert gas (helium, argon, or 
oil-pumped nitrogen) or chlorine gas was used for 
purging the melt of hydrogen. The inert gas 
was first passed through a copper coil immersed 
in dry ice and acetone to freeze out any water vapor, 


29] 


and then bubbled through the molten alloy for 15 
min. With chlorine gas shorter degassing times were 
used (7-10 min), with no dehydration. 

A fine dispersion of bubbles was obtained by using 
a graphite tube with 0.013-in. diameter holes drilled 
in the end submerged in the melt. After degassing, 
the metal was removed from the furnace, checked for 
gas content, and poured. After pouring was complete, 
a final check was made to determine whether enough 
gas was picked up by the melt to void the heat. 

E. Reduced Pressure Test Check on Gas Content.— 
Gas content of all heats was checked using a reduced 
pressure test described by Baker.® Because of the im- 
portance of this test apparatus in evaluating melt 
quality of aluminum alloys, it is.described below in 
some detail. The apparatus is shown in Fig. 2. 

Essential features are vacuum pump, pyrex bell jar, 
flat plate and rubber gasket upon which the bell jar 
rests, release valve, connecting rubber tubing and 
mercury manometer. The operation is simple and 
rapid. Molten metal is dipped or poured from the 
melting crucible into a small thin-walled iron crucible 
(15 cu in. capacity) which is then placed under the 
bell jar and the vacuum pump turned on. In less 
than 20 sec a reduced pressure of about 1/10th atmos- 
phere is reached and the pump turned off. The 
sample remains under reduced pressure until com- 
pletely solidified. The pressure is then increased to 
atmospheric pressure by opening the release valve, 
and the sample removed from under the bell jar. 

The effect of reduced pressure is to exaggerate gas 
porosity. A given amount of gas will create a bubble 
ten times as large at 1/10th atmosphere as at one 
atmosphere. Also, under reduced pressure, bubbles 
are evolved earlier in the freezing process, and tend 
to coalesce, further increasing their individual size. 
Sensitivity of the test depends upon the pressure of 
operation. Very low pressures (1/100th atmosphere) 
promote bubble formation in samples of relatively 
low gas content. At higher operating pressures (14 
atmosphere), molten samples containing a significant 
amount of hydrogen give only a small indication of 
porosity. Satisfactory operation pressures for alumi- 
num lie between 2 and 4 in. of mercury (absolute 
pressure). The operating pressure selected should, 
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Fig 3.—Effects of freezing under reduced pressure. Samp- 

les poured consecutively from same melt and solidified 

under (A) absolute pressure — 1.0 atmosphere, (B) ab- 
solute pressure — 0.13 atmopshere (4 in. Hg). 
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of course, be maintained constant. 

For comparison and control purposes samples were 
sectioned and the sawed surface examined visually. 
With experience in’ using the reduced pressure tester, 
the appearance of the top surface of the test sample 
will show whether melt quality is satisfactory. (By 
measuring bulk density of the sample, a quantitative 
evaluation of porosity can be obtained.) 

The effect of reduced pressure is illustrated in Fig. 
3. Two consecutive samples were taken from a heat 
of aluminum-copper alloy which had not been de- 
gassed. Sample “3a” was allowed to solidify at atmos- 
pheric pressure, while Sample “3b” solidified under a 
pressure of about 1/10th atmosphere. The reduced 
pressure has magnified the size of the voids in Sample 
“3b,” making them easily visible. 

The reduced-pressure test was used to estimate the 
rate at which molten aluminum absorbs hydrogen 
from the air; results are shown in Fig. 4. After melt- 
ing, the metal was degassed with dry nitrogen for 15 
min. The crucible was removed from the furnace, 
and Sample “4a” tested for gas content; subsequent 
tests were taken every 4 min. Figure 4 shows marked 
hydrogen absorption by the melt. Water vapor in 
the atmosphere reacted with molten aluminum to give 
aluminum oxide and hydrogen; the hydrogen was 
readily absorbed by the melt, to be evolved later dur- 
ing solidification. Solidification under reduced pres- 
sure indicated the extent hydrogen was picked up 
from the atmosphere. 

In still another demonstration of the use of this 
tool, a study was made of hydrogen absorption by 
aluminum-copper alloy from different mold materials. 
The molding materials used were a green sand mold, 
a shell mold, a core sand mold and a dry sand mold. 
The melt was degassed and then poured through a 
long mold cavity (an open ended channel 20 in. long, 
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Fig. 5—Channel mold for evaluation of gas pickup from 
various molding materials. 
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Fig. 4—Absorption of hydrogen 
from water vapor in air. All 
samples solidified under 0.067 
atmosphere (2 in. Hg). A, de- 
gassed; B, degassed, held in 
open ladle 4 min before sam- 
pling; C, degassed, held in open 
ladle 8 min before sampling. 
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34 in. wide, and 14 in. deep, terminating in a well); 
this is shown in Fig. 5. 

Approximately 3 sec were required for the metal 
to flow through the cavity into the terminal well. A 
sample was dipped from the well and solidified under 
reduced pressure along with the originally degassed 
metal. This procedure was repeated for each of the 
four mold materials. The results (Fig. 6) illustrate 
the rapid pickup of gas from the various sand molds, 
and give a rough indication of the relative effects of 
different types of molds. As would be expected, dry 
sand proved definitely superior, with green sand the 
worst source of hydrogen. 

An evaluation of effectiveness of degassing, gas 








Fig. 6—Absorption of hydrogen trom different mold ma- 

terials. All samples solidified under 0.067 atmosphere 

(2 in. Hg). For each series metal was degassed and 

poured into a mold cavity % x 1% x 20 in. and collected 

at a terminating well. The following sand molds were 

investigated for hydrogen pickup: A, green sand; B, core 
sand; C, shell mold; D, dry sand. 
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pickup from crucible, from handling, and from mold 
materials, for any particular operation, can easily 
be evaluated using this apparatus. Effectiveness of 
the research program described herein was enhanced 
greatly through the use of the reduced pressure test. 
(As a matter of interest, preliminary studies indicate 
the reduced pressure test may be used effectively for 
appraisal of other cast metals.) 

F. Heat Treatment and Tensile Testing.—Blanks 
for test bars (1 x 34 x 5 in.) were cut consecutively 
from the plate castings parallel to the chill face, and 
marked to indicate their position relative to the chill 
face. Bars were numbered one through seven, the 
number seven bar being under the riser. 

Aluminum-copper and aluminum-copper-titanium 
bars were solution heat treated at 950 F (510 C) for 
24 hr, water-quenched, and age-hardened for 12 hr 
at 310 F (155 C). Standard 0.505-in. diameter test 
bars were machined, and yield strength (0.2 per cent 
offset), ultimate tensile strength, elongation, and hard- 
ness were measured, 

For test bars of aluminum-copper-tin alloy, opti- 
mum heat treating conditions indicated by Hardy!° 
were used; namely, solution treatment for 24 hr at 
970 F (520 C), water-quench, and aging 16 hr at 330 F 
(165 C). 

The heat treating condition for aluminum-zinc- 
magnesium-copper-chromium alloy was solution treat- 
ment for 24 hr at 860 F (460 C), water-quench and 
aging at 250 F (122 C) for 24 hr.” 
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Fig. 7—Variation of ultimate tensile strength and elon- 
gation with distance from the end of Al-4.5 Cu castings 
with no chill. 
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G. Temperature Measurements.— Four thermo- 
couples were placed in castings of each type to deter- 
mine temperature gradients existing when chills of 
different degrees of severity were used. Thermocouples 
were located 1, 3, 5, and 7 in. from the chilled edge 
of the plate (Fig. 1). Fine chromel-alumel wires (B. 
and S. No. 28), in thin 2-hole alundum sheaths, were 
placed along the central axis of each representative 
plate casting. All thermocouple beads were covered 
with as thin a coating of alundum cement as possible, 
permitting rapid response to temperature change. A 
Brown multi-point recorder was used to measure and 
record thermal conditions existing at each thermo- 
couple location. Thus, a thermal history of the entire 
solidifying casting was obtained; such tests were made 
for each representative casting poured. 

H. Summary.—Using the above alloys and pro- 
cedures, most mechanical and temperature data were 
gathered from castings poured according to the fol- 
lowing schedule: 


1. 34-in. plate—riser 2-in. diameter 
a. No chill 
b. Plain chill 
c. Water-cooled chill 


~ 


2. 34-in. plate—exothermic riser—2-in. diameter 
a. No chill 

b. Plain chill 

c. Water-cooled chill 
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Fig. 8—Variation of ultimate tensile strength with dis- 
tance from the chilled end of Al-4.5 Cu castings with 
plain chills. 
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3. l-in. plate—riser 3-in. diameter 
a. No chill 
b. Plain chill 
c. Water-cooled chill 
4. 11%-in, plate—riser 4-in. diameter 
a. No chill 
b. Plain chill 
c. Water-cooled chill 
Some preliminary castings were tested, mechanic- 
ally, to assess in detail the effects of variations in 
chilling and risering procedure: 
1. 34-in. plate—risers 2, 3, and 4-in. diameter 
No chill 
Plain chill 
Locking chill 
Water-cooled chill 


ao op 


Experimental Procedure 


A. Aluminum-4.5% Copper Alloy. — Preliminary 
tests were made to determine effects of riser size and 
severity of chill om mechanical properties of alumin- 
um-4.5% copper alloy. Two, three, and four-inch 
diameter risers were used on 34-in. plate castings with 
no chill, plain copper chill, locking copper chill, and 
water-cooled chill, a total of 12 castings. Results of 
this preliminary work are shown in Figs. 7, 8, 9, and 
10, where ultimate tensile strength and ductility are 
plotted versus distance from chilled end. 

These results clearly indicate the large benefit of 
increased chill severity on mechanical properties. For 
example, a 34-in. plate casting with no chill shows a 
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Fig. 9—Variation of ultimate tensile strength and elon- 
gation with distance from the chilled end of Al-4.5 Cu 
castings with locking chills. 
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variation in tensile properties ranging from 40,000 
psi at the edge of the plate to 34,000 psi under the 
riser (Fig. 7), while a casting with locking chill (a 
more severe chill) shows a variation from 53,000 psi 
at the chill to 40,000 psi under the riser (Fig. 9). Fig- 
ures 7, 8, 9 and 10 show that riser size has an insig- 
nificant effect on mechanical properties of 34-in. plate 
castings, provided, of course, full feeding is attained 
in all cases. In view of this, riser size was eliminated 
as a variable in subsequent tests. 


B. Grain Refined Aluminum-4.5% Copper Alloy.— 
A study of the effect of severity of chill on mechan- 
ical properties of plate castings was continued using 
the base aluminum-4.5% copper alloy with 0.1 per 
cent titanium added as grain refiner. Different freez- 
ing rates were obtained by making castings with no 
chill, plain copper chills and water chills. Data for 
five heats (15 castings) of grain refined aluminum- 
copper alloy cast as 34-in. plates are given in Fig. 11, 
where mechanical properties versus distance from the 
chill are plotted. The data again reveal marked im- 
provement in mechanical properties with increasing 
severity of chill. Figure 11 also shows mechanical 
properties for each chill condition were in close agree- 
ment in all five heats. Comparing chilled castings 
with unchilled ones, the effect of chill is felt even 
under the riser, a distance of 7 in. from the chill. 

Data for l-in. section plate castings and 114-in. sec- 
tion plate castings are shown in Fig. 12 and 13, 
respectively. They reveal only slightly lower mechan- 
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Fig. 10—Variation of ultimate tensile strength and elon- 
gation with distance from the chilled end of Al-4.5 Cu 
castings with water chills. 
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Sig. 11—Variation of tensile strength and elongation with 

distance from chill end of Al-4.5% Cu-0.1% Ti, 0.75-in. 

thick plate casting. Grain diameter approximately 0.008 
in., Bhn 95. 


ical properties than 34-in. section castings for a given 
chill treatment. The most marked decrease is for the 
unchilled 114-in. plate casting, where, under the riser, 
tensile strength decreased to 35,000 psi, while 34-in. 
plate castings averaged 40,000 psi. 

C. Other Alloy Systems. — To demonstrate more 
completely the reliability of techniques described for 
improving mechanical properties of cast aluminum 
alloys, alloy systems other than straight aluminum- 
4.5 per cent copper were investigated. For one heat, 
0.035 per cent tin was added to the base aluminum- 
4.5 per cent copper-0.1 per cent titanium alloy used 
for the major portion of the research program. Tin 
has been described by Hardy’? as a beneficial alloying 
agent for aluminum-copper alloys. Hardy mentioned 
that iron, silicon, magnesium and other elements de- 
creased the benefit gained by tin addition. In this 
research, magnesium was found to be the most detri- 
mental element. Traces of magnesium were removed 
from the aluminum-copper-tin alloy by degassing with 
chlorine gas; chlorine removed both hydrogen and 
magnesium. Tin must be less than 0.05 per cent, or 
it will be present at grain boundaries as a low melt- 
ing point constituent and will lead to brittle grain 
boundary fracture. 

Three plate castings (34-in. thick) were poured 
using aluminum-copper-tin alloys with titanium as 
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Fig. 12—Variation of tensile strength and elongation with 

distance from chill end of Al-4.5% Cu-0.1% Ti, 1-in. 

thick plate casting. Grain diameter approximately 0.008 
in., Bhn 95. 


grain refiner. Results are given in Fig. 14 for water 
chill, plain copper chill and no chill. As seen from 
Fig. 14, tin added to aluminum-copper alloy raised 
tensile strength as high as 63,000 psi; even without 
chilling the casting, tensile strength was raised to 
about 50,000 psi. Increased tensile strength resulted 
in some decrease in ductility for the particular heat 
treatment given. Of greater significance, tin raised 
the yield strength from about 35,000 psi for alumi- 
num-copper-titanium alloy, to about 50,000 psi or 
even higher. 

Another alloy used was of composition correspond- 
ing to 75S (A1-5.5 per cent Zn-2.5 per cent Mg-1.6 per 
cent Cu-0.3 per cent Cr with Ti as grain refiner. Re- 
sults from three plate castings (34 in. thick) of this 
composition are given in Fig. 15. Tensile strength 
as high as 82,000 psi was obtained for this alloy when 
heat treated. Tensile strengths for all test bars cut 
from the castings were above 67,000 psi. The heat 
treatment employed (corresponding to that for the 
wrought alloy) resulted in low ductility, It is ex- 
pected that slightly altered aging treatment would 
improve ductility, and more favorable casting tech- 
niques would raise both ductility and tensile strength. 
Yield strengths varied from 67,000 psi to 72,000 psi. 


D. Thermal Gradients During Solidification. — A 
relationship between temperature gradients existing 
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Fig. 13—Variation of tensile strength and elongation with 
distance from chill end of Al-4.5% Cu-0.1% Ti, 1.5-in. 
thick plate casting. Grain diameter approximately 0.008 
in., Bhn 95. 
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Fig. 14—Variation of tensile strength and elongation with 

distance from chill end of grain refined Al-Cu-Sn alloy 

0.75-in. thick plate casting. Grain diameter approximately 
0.008 in., Bhn 107. 
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Fig. 15—Variation of tensile strength and elongation with 

distance from chill end of grain refined Al-Zn-Mg-Cu alloy 

0.75-in. thick plate casting. Grain diameter approximately 
0.008 in., Bhn 150. 


during solidification of plate castings and mechanical 
properties was previously found by Ruddle.® Work 
by Ruddle was performed on unchilled plate castings 
of varying thickness. In work reported herein, plate 
castings were made with and without chills to deter- 
mine to what extent markedly different thermal gra- 
dients benefit mechanical properties. The different 
temperatures were measured by thermocouples located 
along the centerline of plate castings at distances of 
1, 3, 5, and 7 in. away from the chilled edge. (Loca- 
tion of thermocouples within the plate castings is 
shown in Fig. 1.) The multi-point recorder produced 
a temperature-time plot for each location. 

From temperature-time plots, graphs of tempera- 
ture versus distance were constructed. Thus, tempera- 
ture gradients across the casting at the centerline were 
determined. Figures 16 and 17 show thermal gra- 
dients existing during solidification for plate castings 
3% and 11% in. thick without chill. (Dashed lines 
refer to liquidus and solidus.) Figure 18 refers to a 
34-in. thick plate casting made with a plain copper 
chill and Fig. 19 to the 34-in. plate casting with water 
chill. Thermal gradients existing in a 34-in. plate 
casting, using no chill, but with an exothermic riser 
sleeve, are shown in Fig. 20. For this casting, the 
sand acted as a chill (as compared to the hot sleeve), 
and beneficial thermal gradients were produced by 
the hot riser sleeve, which increased the temperature 
of the metal in the riser above the liquidus tempera- 
ture. 

A comparison of thermal gradients existing in plate 
castings may be obtained from these curves of tem- 
perature versus distance from chill. Thermal gra- 
dients were higher in 34-in. plate’ castings without 
chills than in either | or 114-in. plate castings without 
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Fig. 16—-Temperature-distance plot showing thermal gra- 
dients along the centerline of 3/4-in. plate casting at vari- 
ous times during solidification. No chill. A1-4.5% Cu- 
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Fig. 18—-Temperature-distance plot showing thermal gra- 
dients along centerline of 3-in. plate casting at various 
times during solidification. Plain copper chill. 
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Fig. 17—-Temperature-distance plot showing thermal gra- 
dients along the centerline of 1'/2-in. thick plate casting 
at various times during solidification. No chill. Al-4.5% 
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Fig. 19—-Temperature-distance plot showing thermal gra- 
dients along the centerline of 3/4-in. plate casting at vari- 
ous times during solidification. Water chill, A1-4.5% 
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Fig. 20—-Temperature-distance plot showing thermal gra- 

dients along the centerline of a %-in. plate casting (no 

chill, exothermic riser) at various times during solidi- 
fication. 


chills. Also, solidification time was longer as section 
size increased. 

Severity of chill increased in the order (1) no chill, 
(2) plain copper chill, to (3) water-cooled chill, and 
curves of temperature versus distance from chill for 
34,-in. plate castings show increased thermal gradients 
and decreased solidification times in the same order, 
water chill maintaining the steepest temperature gra- 
dients. A balance of increase in chill size for increas- 
ing section size was attempted so that similar tempera- 
ture gradients would be obtained for | and 11,-in. 
plate castings as for the 34-in. castings. This was not 
completely successful. Plain copper chills in the 
heavier sections became satusated early during solidi- 
fication; this limited their ability to produce steep 
temperature gradients. However, increased size of 
water cooled tubes in heavier sections nearly compen- 
sated for increased section size, so thermal gradients 
were nearly similar for the three section sizes. 

A general qualitative relationship exists between 
thermal gradients and mechanical properties. For ex- 
ample, temperature gradients of approximately 80 C 
(144 F) per inch favor optimum properties for alumi- 
num-4.5 per cent copper-0.1 per cent titanium alloy: 
55,000 psi ultimate tensile strength, 8 to 14 per cent 
elongation, and 35,000-38,000 psi yield strength. Tem- 
perature gradients of about 50 C (90 F) per inch 
result in properties from 45,000-50,000 psi tensile 
strength, and 4 to 10 per cent elongation. 

However, correlation between thermal gradients 
existing during solidification and tensile properties 
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appears inexact (see Fig. 22). For one thing, an 
average thermal gradient must be taken. Actually, 
as the plots of temperature versus distance show, 
temperature gradients change both with time and 
position. Often, at a given location, during late 
stages of solidification, thermal gradients are not 
nearly as steep as during early stages; it is just as 
important to feed shrinkage of the last metal to 
solidify as it is to feed the first metal. The effects ol 
hydrogen segregation during solidification are another 
important consideration which alters a direct quanti- 
tative relationship between thermal gradients and 
mechanical properties. 

E. Exothermic Riser Sleeves.—Three plate castings 
34 in. thick were poured using prefabricated exother- 
mic riser sleeves to give steep thermal gradients dur- 
ing solidification. Castings were made with water 
chills, plain copper chills, and without chill. Results 
are shown in Fig. 21. Significant observations are: 

1. Mechanical properties of the unchilled 34-in. 
plate casting fed with an exothermic riser sleeve 
exhibit higher values than its counterpart without 
an exothermic riser (Fig. 7 and 21). 

2. Mechanical properties of 34-in. plate castings 
with exothermic riser sleeves show a marked drop 
near the riser. 

3. Metal near the exothermic riser exhibited visi- 
ble porosity, a consequence of gas pickup from the 
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Fig. 22—Tensile strength vs. thermal gradient in %-, 1-, 
and 1'/2-in. thick plate castings. (Data for water-cooled 
chill castings fall outside the band.) 


exothermic material used in this case. 

Castings solidifying under high thermal gradients 
usually have fast solidification rates, and rapid solidi- 
fication rate alters dendrite arm spacing,® causing 
finer distribution of insoluble phases within grains. 
Finer distribution of gas porosity may also occur. 
These factors could have a beneficial effect on me- 
chanical properties. However, much scatter of data, 
and poor correlation is obtained if data are replotted 
tensile strength versus solidification rate. Tensile 
strength does show a broad correlation with the gross 
variable, solidification time, shown in Fig. 23. It 
should be pointed out that metal of increased gas 
content would give a band lower in tensile strength 
than that shown in Fig. 23. 

A %,-in, plate casting made with an exothermic riser 
sleeve and no chill gave the combination of slow 
solidification time and high thermal gradient. This 
casting had higher mechanical properties than the 
corresponding 34-in. plate casting without an exo- 
thermic riser. High thermal gradients are beneficial 
in that the extent of the “mushy” zone is decreased 
and feeding conditions benefited. The much better 
feeding conditions attendant on high thermal gra- 
dients were more potent, in this case, in increasing 
tensile strength than longer solidification times were 
in decreasing strength. To this end, liquidus and 
solidus lines were drawn on _ temperature-distance 
curves (Fig. 14-18), delineating the length of the 
“mushy” zone at any time. In general, tensile strength 
and ductility of aluminum alloys increase in direct 
proportion as the extent of the “mushy” zone is 
decreased. A quantitative relation between length of 
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“mushy” zone and mechanical properties will become 
more exact the lower the gas content of the melt. 

F. Grain Size—Grain size of castings poured with- 
out grain refining additions was approximately 0.02- 
in. diameter, while that of grain refined castings was 
about 0.008 in. Grain size of a given casting did not 
change appreciably from the edge near the chill to 
the edge under the riser. A thin chill zone was pres- 
ent adjacent the chill, but these fine grains did not 
extend further than 4 in. from the chilled interface. 

In castings 1 and 11% in. thick, some gravity segre- 
gation occurred. Very large grains (0.08-0.15-in. diam- 
eter) were observed along the top (14-in. layer) of 
the plate, but metal beneath this layer was of constant 
small size throughout the casting. Test bar samples 
were always cut from regions of constant grain size. 

Measurements of grain size were obtained for a 
large number of test bars from castings made with 
and without grain refining additions. A plot of ten- 
sile strength versus grain diameter showed no de- 
pendable correlation. High thermal gradients ob- 
scured any grain size contribution to mechanical 
properties, 

Plate castings solidified under low temperature 
gradients show some benefit from grain refining addi- 
tions, however. Those castings produced without ben- 
efit of chill solidified under relatively low thermal 
gradients. Comparison of 34-in. plate castings with 
and without grain refinement and no chill shows that 
mechanical properties of grain refined castings are 
10-20 per cent higher than non-grain-refined ones 
(Figs. 7, 8, 9, and 10 compared with Fig. 13). In- 
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was obtained from grain refined aluminum-4.5% copper 
plate castings. 
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complete results for heavier section castings also in- 
dicate that grain refinement increases mechanical 
properties by 10-20 per cent when thermal gradients 
are low and is of little or no benefit when thermal 
gradients are high. Schofield’? also found that in- 
creased thermal gradients mask any effect grain re- 
fining by titanium addition has on mechanical prop- 
erties. 
Conclusions 


1. It is fully apparent that mechanical properties 
of aluminum alloy castings vary with the thermal 
gradients under which the metal freezes. Any means 
which increase thermal gradients within solidifying 
aluminum castings also increase tensile strength and 
ductility. Some of the means delineated in this paper 
were use of chills and/or heat producing risers. In- 
sulated risers would undoubtedly be of benefit also; 
further work on this remains to be done. 

2. The amount of hydrogen gas remaining in solu- 
tion in molten aluminum prior to pouring has a 
profound effect on mechanical properties of castings 
made therefrom. The cut surface of a sectioned cast- 
ing may appear sound, but the amount of gas poros- 
ity present, unseen by the naked eye, can seriously 
affect tensile strength and ductility. To develop op- 
timum properties in metal of low gas content, a high 
thermal gradient must be promoted. With lower gas 
contents in the melt than obtained heretofore, it is 
anticipated high thermal gradients will have less im- 
portance in realizing very high mechanical properties 
in aluminum alloy castings. 

3. Decreasing section size increases thermal gradi- 
ents obtainable in unchilled aluminum alloy cast- 
ings. Thus, thin section castings exhibit higher me- 
chanical properties than heavy section castings due 
to the higher thermal gradients during solidification. 
For this reason, in the design of aluminum castings, 
it may be more desirable to chill critical sections, 
than to increase section size. 

4. The foundryman can evaluate the amount of 
gas present in molten aluminum alloy with a reduced 
pressure test described herein and elsewhere.® Using 
the reduced pressure test, the amount of gas present 
in metal as melted, or that absorbed during pouring 
operations from the air, from wet tools, or from sand 
molds, can be determined. The test is not difficult 
to make, and is not expensive or time consuming. It 
is a reliable instrument for quality control. 

5. High thermal gradients in a solidifying alumi- 
num casting usually mean high freezing rates. It has 
been proposed by Alexander and Rhines® that high 
freezing rates cause fine dendrite arm spacing. Fine 
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dendrite arm spacing brings about a fine dispersion 
of insoluble phases; this has been advanced as a rea- 
son for improved mechanical properties. Some re- 
sults reported herein with exothermic risers indicate 
improved mechanical properties may result from high 
thermal gradients, in absence of high freezing rates. 
Thus, fine dispersion of insoluble phases resulting 
from high freezing rates may not be a significant fac- 
tor in improving mechanical properties. 

6. Results for effects of grain refining additions on 
mechanical properties indicated a beneficial influence, 
especially in regions of low thermal gradients. Con- 
flicting reports concerning grain refining additions 
and their influence on mechanical properties prob- 
ably arise as a consequence of other variables. In gen- 
eral, it appears grain size will have more or less in- 
fluence depending upon gas content of the metal and 
thermal gradients under which the metal freezes. 
Some further work is in progress at the M.I.T. Found- 
ry Laboratory to determine the influence of grain size 
on mechanical properties at very low gas content. 


Acknowledgment 


The authors gratefully acknowledge the generous 
assistance of Harold Markus, Hyman Rosenthal and 
Samual Lipson, Frankford Arsenal, in an advisory 
capacity. Appreciation is also expressed to Frank- 
ford Arsenal and the U. S. Government for sponsor- 
ing research leading to this publication. 


Bibliography 


1. Ransley and Neufeld, “The Solubility of Hydrogen in 
Liquid and Solid Aluminum,” Journal Institute of Metals, vol. 
74, p. 599 (1947). 

2. L. W. Eastwood, Gas in Lighi Alloys, John Wiley & Sons, 
Inc., New York, 1946. 

3. E. J. Whittenberger and F. N. Rhines, “Origin of Porosity 
in Castings of Magnesium—Aluminum and Other Alloys,” Jour- 
nal of Metals, April 1952, p. 409. 

4. W. S. Pellini, “Practical Heat Transfer,” A.F.S. TRANsAc- 
TIons, vol. 61, pp. 603-622 (1953). 

5. R. W. Ruddle, “Correlation of Tensile Properties with 
Temperature Gradients,” Journal Institute of Metals, vol. 77, 
p. 37 (1950). 

6. Alexander and Rhines, “Dendritic Crystallization of Al- 
loys,” Transactions, A.I1.M.E., vol. 188, p. 1267 (1950). 

7. A. Cibula and R. W. Ruddle, Journal Institute of Metals, 
vol. 76, p. 361 (1949-50). 

8. M. C. Flemings, C. M. Adams and C. C. Reynolds, Tech- 
nical Report No. 1, Department of the Army, Ordnance De- 
partment, Frankford Arsenal, Contract No. DA-19-020-ORD-573. 

9. W. A. Baker, Journal Institute of Metals, vol. 71, p. 165 
(1945). 

10. H. K. Hardy, Journal Institute of Metals, vol. 80, p. 483 
(1951-52). 

11. Metals Handbook, A.S.M., 1948 Edition. 

12. J. H. Schofield, Journal Institute of Metals, vol. 60, p. 
101 (1936). 





aA ss . >t mt oo 








GRAPHITIZATION OF CERTAIN Fe-C-Ti ALLOYS* 


By 


A. B. Beach** and R. W. Heine*** 


The principal work on ternary alloys of Fe-C-Ti is 
that of Tofaute and Biittinghaus.1 These authors 
have provided the commonly accepted ternary equil- 
ibrium diagram for Fe-C-Ti alloys, One vertical sec- 
tion of this diagram at 0.30 per cent Ti is reproduced 
in Fig. 1. This diagram suggests the existence of a 
stable phase system, Fe,C-TiC-Fe. While this system 
seems reasonable, it does not agree with observations 
of metallurgists familiar with the effects of titanium 
on cast irons. When added to white or gray cast 
irons, it is observed that small percentages of titan- 
ium, under 0.30 per cent for example, promote graphi- 
tization.2> Some authors? 348 have attributed this 
graphitizing effect of titanium in cast irons to its abil- 
ity to react with oxygen and nitrogen, stating that its 
power as a scavenger neutralizes the carbide stabiliz- 
ing influence of the gases. 

Whatever the reason for the graphitizing effect of 
titanium on cast irons, there appears to be little re- 
conciliation between it and the idea of a stable Fe,C- 
TiC-Fe system as the only possibility. Other ele- 
ments causing graphitization in Fe-C alloys generally 
show an extended composition range wherein graph- 
ite rather than iron carbide is the stable phase in 
the ternary system; for example, systems of Fe-C and 
Si, Ni, or Al. The foregoing principle should apply 
to Fe-C-Ti alloys as well. Accordingly, a study of 
certain Fe-C-Ti alloys was undertaken to determine 
the nature of the stable system and the alloying be- 
havior of titanium in Fe-C alloys of a carbon per- 
centage in the range of cast irons; more specifically, 
white cast irons in the malleable iron composition 
range. 


*Abstracted in part from a thesis submitted by A. B. Beach 
in partial fulfillment of requirements for the degree of Master 
of Science in Metallurgical Engineering at the University of 
Wisconsin. 

**Formerly graduate assistant in metallurgical engineering 
at the University of Wisconsin, and presently with General 
Electric Co. 

*** Assistant Professor of Metallurgical Engineering, Depart- 
ment of Mining and Metallurgy, University of Wisconsin, Madi- 
son, Wisc. 
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Fig. 1—Vertical section of Fe-C-Ti ternary system at 
0.30% Ti’. 


Experimental Procedure 


As a preliminary study a series of six ternary alloys 
was prepared containing approximately 2.50 per cent 
C and titanium in the range of 0 to 3.00 per cent. 
These alloys were prepared by melting ingot iron in 
an induction furnace lined with a magnesia crucible 
and alloying it with carbon and titanium. Analysis 
of the iron employed was 0.013 per cent C, 0.019 per 
cent Mn, 0.004 per cent P, 0.003 per cent Si, 0.025 per 
cent S. It may be noted that the principal impurity 
is sulphur, a point of considerable importance as 
noted later. Electrode graphite and commercially 
pure titanium sponge metal were used for alloying. 
The titanium was added to the iron-carbon alloy at a 
temperature of 2650 F with a large oxidation loss 
being anticipated. Test bars 1.50 in. in diameter and 
4.50 in. long were cast in core sand molds. The alloys 
were given a graphitizing heat treatment of the con- 
ventional malleablizing type employed on white cast 
iron. Graphitization occurred in all the samples so 
that a more detailed investigation was warranted. 
Three additional alloys having the composition listed 
in Table | were prepared for detailed study. 


54-1 
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Fig. 2—Microstructure of alloy containing 2.58% C, 
0.20% Ti, as-cast. Nital etch. Mag.—250x. 


TABLE ]—ANALYsSIS OF EXPERIMENTAL HEATS 








Heat No. lotal C, % Graphitic Carbon, °% 5i*,.% 
7 2.58 0.038 0.20 
8-1 2.55 0.054 0.0 
8-11 2.49 0.03 0.76 


*Spectrophotometric method of analysis. 





The as-cast microstructure of each alloy was studied 
for effects of titanium. A photomicrograph of the as- 
cast structure of Heat 7 is shown in Fig. 2. No marked 
changes in the metal matrix of massive iron carbide 
and pearlite were noted in the composition range 
studied except that titanium carbide-nitride particles 
were evident in the microstructure of the titanium- 
bearing alloys. However, a most significant change 
was observed in the kind of inclusions present. Sam- 
ples from Heat 8-1, where the iron was not alloyed 
with titanium, contained some iron sulphide inclu- 
sions, a result of the sulphur impurity present. These 
sulphide inclusions are shown in Fig. 3A. 

The presence of titanium, however, caused the FeS 
to be completely replaced by TiS in the samples from 
Heats 7 and 8-11. Titanium, evidently, has greater 
affinity for sulfur than has iron. Titanium sulphide 
inclusions in a sample from Heat 8-11 are shown in 
Fig. 3B. These inclusions have been described as oc- 
curring in titanium-treated steels,® pig irons,® and 
white cast irons. They are pale, light tan in color, 
and difficult to distinguish from the metal back- 
ground. It is usually necessary to employ some special 
technique to cause them to appear well defined on a 
photomicrograph as pointed out in Fig. 3B. Their 
presence may be confirmed, however, with polarized 
light since they exhibit reactiveness similar to graph- 
ite.® 

In addition to titanium sulphide, cubic or angular 
titanium carbide particles appear in the as-cast struc- 
ture of the titanium-bearing alloys, as shown in Fig. 
3B. The aforementioned particles are usually as- 
sumed to be a complex of TiC and nitrides. As a 
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result of these data, it is concluded that the prin- 
cipal effects of titanium on as-cast microstructures of 
these particular iron-carbon alloys having sulfur as 
an impurity is its function of combining with the 
sulfur to form sulfides and with carbon to form 
carbides. 

Graphitization Treatments 

The influence of titanium on graphitization was 
tested mainly by a heat treatment of the type used 
on malleable irons. Some primary graphitization dur- 
ing freezing was detectable metallographically and 
chemically (see Table 1). However, the primary in- 
terest here was to study the stability of massive Fe,C 
during heat treatment when titanium was present in 
the alloy. 

The heat treating cycle to test for graphitizing 
tendency consisted of 12 hr at 600 F, 12 hr at 1200 
F, followed by heating to 1700-1750 F, holding at that 
temperature for 60 hr, cooling to 1320 F, holding 
for 36 hr, and then furnace cooling. The pretreat- 
ment at 600 F is extremely important since it pro- 
motes nucleation of graphite if graphitization is at 
all likely to occur. Microscopic examination after 
the heat treatment showed that graphitization in all 
the titahium-bearing alloys had progressed to the 





Fig. 3A (Top)—Fe inclusions in Fe-C alloy containing 
0.025% S. Unetched. Mag—500x. Fig. 3B (Bottom) 
TiS inclusions, gray stringer, in Fe-C alloy containing 
0.20% Ti. The print was over-exposed and overdeveloped 
to make TiS more easily discernible. Mag— 500x. 
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point where the structure consisted almost entirely of 
ferrite, graphite, and titanium carbide as shown in 
Fig. 4A. The titanium sulphide inclusions were still 
present. However, the metal containing no titanium 
showed no tendency to graphitize as shown in Fig. 
1B. Its structure after heat treatment consisted of 
the original massive carbide and ferrite containing 
minute carbide particles. 


Subcritical Temperature Graphitization 


The carbides in the titanium-bearing alloys were 
sufficiently unstable so that they were graphitizable 
to a considerable degree at temperatures below the 
allotropic transformation range, Figure 5 shows graph- 
itization in the 0.20 per cent Ti, 2.58 per cent C, 
alloy after 160 hr at 1250 F. Again such subcritical 
graphitization did not occur in the alloy containing 
no titanium. The stability of the iren carbide in 
titanium-free alloys contrasts with the marked insta- 
bility of the iron carbide in the titanium treated 
alloys. Thus, the graphitizing behavior promoted by 
titanium is consistent with its graphitizing effects on 
cast irons’, 





Fig. 4A (Top)—Graphitization in heat-treated alloy con- 
taining 0.76% Ti, 2.49% C. Structure consists of ferrite, 
graphite, and TiC particles. Nital etch. Mag.—150x. Fig. 
4B (Bottom)—Absence of graphitization after heat treat- 
ment in 2.58% C-Fe alloy containing no titanium. Struc- 
ture consists of massive iron carbides and ferrite contain- 
ing minute particles of spheroidized carbides. Nital etch. 
Mag.—250x. 












Fig. 5—Limited graphitization occurring in 0.20% Ti, 
2.58% C alloy after exposure to 1250 F for 160 hr. Nital 
etch. Mag.—150x. 
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Fig. 6—Appearance of TiC particles in 0.76% Ti, 2.49% 

C alloy atter heat treatment at 1700-1750 F. Ferrite 

matrix, graphite, and light gray angular TiC particles. 
Nital etch. Mag.—500x. 


The conclusion follows that the presence of titan- 
ium promotes graphite nucleation and graphitization 
in iron-carbide alloys where it would not otherwise 
occur. Furthermore, it appears that the system Fe,C- 
TiC-aFe for the ternary alloys, as set forth by Tofaute 
and Biittinghaus, should actually consist of TiC, 
graphite and ferrite over a considerable analysis range 
since the iron carbide formed during non-equilibrium 
solidification of the ternary alloys is evidently quite 
unstable. 


TiC—The carbide remaining after the high tem- 
perature graphitizing heat treatment was positively 
identified as TiC.1_ Microscopic appearance of the 
carbide is shown in Fig. 6. It is light gray in color, 
almost white, and has a cubic or angular shape, char- 
acteristic of its lattice structure. The carbide par- 
ticles were electrolytically extracted from the sam- 
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ples along with the graphite by a method similar to 
that described by Crafts and Lamont’. The extracted 
material was subjected to x-ray diffraction _ tests. 
Graphite and TiC were found present in the residue 
by the “d” values obtained. The data are summar- 
ized in Table 2. 


TABLE 2——“‘p” DISTANCE OF PRINCIPAL X-RAY DIFFRAC- 
TION LINES IN ANGSTROM UNITS 
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by titanium, a phenomenon often reported in the 
literature*. With respect to cast irons, this is a signifi- 
cant point since there is always enough carbon present 
to tie up the titanium. Therefore no strengthening of 
ferrite due to dissolved titanium could be anticipated 
in cast irons. That this is true was proven by S. M. 
Toy’, who investigated the effect of titanium as an 
alloying element in malleable irons. Even with | per 
cent Ti in commercial malleable irons, Toy found no 


Material Present data Known Values* increase in the hardness of ferrite tested by microhard- 
Graphite 3.37 3.37 ness methods. Furthermore there was no improvement 
ric’ 2.49 2.49 in yield strength of the malleable iron alloyed with 
TiC 2.15 2.15 titanium, additional evidence that the ferrite was 
me — wad virtually unaffected. The effects of titanium in in- 


*ASTM card index values. 





The particles shown in Figs. 3B and 6 were there- 
fore considered to be the compound TiC although, 
of course, some TiN was probably present as well. 
Further evidence that these particles are mainly TiC 
is presented in the following section. 

Distribution of Alloying Elements 

It is often considered that graphitizing element is 
one which is primarily dissolved in the ferrite phase. 
Yet in the aforementioned alloys it appears that the 
graphitizing element is actually present as a carbide. 
Tests were performed to establish as definitely as 
possible the distribution of titanium in the ternary 
Fe-Ti-C alloys under consideration. Graphitic and 
total carbon analyses of the graphitized samples were 
used in order to obtain a titanium balance (Table 
3). 

From the titanium balance, it appears that the 
titanium is primarily tied up chemically with car- 
bon and very little is dissolved in the ferrite when 
the titanium content is below | per cent as it is in 
these alloys. Supplementary evidence was obtained 
by microhardness measurements of the ferrite. Using 
a diamond pyramid microhardness test, the authors 
found the ferrite in the titanium-bearing alloys to 
have a hardness of 85 DPH regardless of titanium 
content, This corresponds with the hardness of pure 
ferrite listed in many references. Since small per- 
centages of titanium harden ferrite greatly in binary 
iron-titanium alloys, the low hardness of the ferrite 
in these alloys indicates absence of titanium in the 
ferrite. Thus in the presence of carbon, titanium has 
no hardening or strengthening effect on the ferrite 
since the titanium is tied up as a carbide. 

The hardness of the ferrite in the titanium-free 
iron was found to be 141 DPH. The high value was 
due to the hardening effect of the numerous carbide 
particles distributed throughout the ferrite, Fig. 4B. 
Since this did not occur in the titanium-alloyed irons 
receiving the same treatment, it appears to be a result 
of the lowered solubility of carbon in ferrite caused 


fluencing the properties of cast irons thus appear 
largely a result of its effects on the possibilities of 
graphitization. 
Conclusion 

The work with the Fe-C-Ti alloys showed that titan- 
ium promoted equilibrium structures wherein graph- 
ite, ferrite, and TiC were the phases present after heat 
treatment. The diagram of Tofaute and Biittinghaus 
is hence concluded to represent metastable conditions 
in which the iron-carbide phase is quite unstable, at 
least in the high carbon range studied. The alloying 
behavior of titanium, in being entirely a former ol 
TiC, shows that it is not necessary for an element to 
dissolve in ferrite in order to promote graphitization 
of iron carbide in ternary iron-carbon alloys. Since the 
titanium is tied up as a carbide in the graphitizable 
alloys, no hardening or strengthening effects on the 
ferrite can be expected. 
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TABLE 3 
Total Carbon, GraphiticC, Combined Carbon, Tias TiC, Tias TiS, li Accounted, Ti Unaccounted, 
Alloy Ti, % %* % "9° ee * ea % % 
Heat 7 0.20 2.55 2.51 0.040 0.16 0.025 0.037 0.197 +0.003 
Heat 8-11 0.76 2.45 2.29 9.160 0.64 0.025 0.037 0.677 +0.083 


* Determined on heat-treated samples. ** Determined on heat-treated samples. 
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DISCUSSION 


Chairman: A. E. Scuun, U. S. Pipe & Foundry Co., Burling- 
ton, N. J. 

Co-Chairman: ‘T. W. Curry, Lynchburg Foundry Co., Lynch- 
burg, Va. 

E. A. Loria (Written Discussion): The authors conclude that 
the ternary diagram of Tofaute and Buttinghaus represents 
the metastable conditions and the diagram should actually con- 
sist of TiC, graphite and ferrite over a considerable analysis 
range. They would be interested in the more recent results 
of Roe and Fishel* who state that “the two diagrams, iron- 
carbon and iron-titanium, are incompatible. In an alloy con- 
taining iron-titanium-carbon, in which there is an excess of 
titanium required to unite with the carbon in the ratio found 
in TiC, there is no FegC and hence no A,. The carbon simply 
consumes part of the titanium forming TiC which is insoluble 
below 2010 F (1100 C). In case of an excess of carbon, pearlite 
is formed and there is no gamma loop.” 

It is unusual to note that of eight heats that were prepared, 
the first six were discarded and attention was focused only 
on the last two that were made. Several questions arise when 
one would consider the titanium analysis range from 0 to 3 
per cent quoted for the first six heats along with the more 
limited range of 0.20 to 0.76 per cent obtained on the last 
two heats. What effect does increasing titanium content have 
on the white iron cell or primary carbide grain size? What 
effect did the high titanium content of 3 per cent have on the 
hardness and stability of both the primary carbide and pearlite 
of the white iron? Reference is made to the unpublished work 
of Toy who found that, even with | per cent titanium addi- 
tion, there was no increase in the hardness of ferrite in the 
malleablized iron. Would this be the case for a | to 3 per cent 
titanium addition? It is assumed that the | to 3 per cent 
figures refer to the amount of titanium in the metal and not 
just the amount added. Just how much was recovered in the 
more highly alloyed irons is the important question? 

The authors speak of the greater degree of graphitization in 
the titanium-treated irons, yet, the limited data in Table 1 
show a higher graphitic carbon for the untreated iron than 
the two treated irons. Perhaps they have more data on the 
other six heats that would shed more light on this question. 
The British literature contains several investigations where the 
graphitic carbon content was determined on malleabilizing 
iron for increasing time periods in both the first and second 
stages of annealing, the increase in the amount of graphitic 
carbon in the early time intervals of the first stage being par- 
ticularly noted as a measure of the ability of a certain additive 
to improve the graphitizing rate. I am not saying that this pro- 
cedure is the best or only way of proving the point, but I 
wondered if the authors have considered it in their graphitiza 
tion studies? 

The sulphide inclusions shown in Fig. 3 invite some com- 
ment. The rather agglomerated, somewhat angular inclusion 
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Fig. A—lInclusion segregate in alloy steel. 





shown for the iron-carbon alloy containing 0.025 per cent 
sulphur may appear a little unusual when one recalls that, 
when manganese is absent or very low, the predominent sul- 
phide is FeS, which not only has a very low melting point but 
forms an eutectic with iron that has a tendency to form thin 
and continuous films around the primary crystals of the freez- 
ing metal. Was there any evidence of such film or stringer- 
like inclusions in this alloy? On the other hand, the same iron 
containing 0.20 per cent titanium does show such a structure. 
Since alloys containing anywhere from 0 to 3 per cent titanium 
were prepared, it would be worthwhile to know if the titanium 
sulphide stringers persisted throughout that analysis range, 
or if a transition to an angular structure occurred? Also a 
comment on the possible greater prevalence of titanium car- 
bide or carbonitride in the more highly alloyed irons would 
be appreciated. Finally, how would the authors identify the 
black particles adhering to both the sulphides and carbides 
shown in Fig. 3b, bearing in mind that this alloy has only 
0.003 per cent silicon and 0.019 per cent manganese? 

A similar inclusion segregate was found in the cope neck of 
a large roll casting of alloy steel to which titanium had been 
added to the ladle to fix the nitrogen, and is presented as 
Fig. A. This steel analyzing 0.81 per cent carbon, 0.77 per cent 
manganese. 0.27 per cent silicon, 0.051 per cent phosphorus, 
0.036 per cent sulphur, 0.83 per cent nickel, 0.87 per cent 
chromium and 0.36 per cent molybdenum, was made in the 
acid open hearth furnace as a 40-ton heat and was deoxidized 
with 164 Ib high-carbon ferrotitanium and 280 Ib silicon car- 
bide. Ferromanganese, ferromolybdenum and ferrochrome addi- 
tions were also made in the ladle for alloying purposes. The 
heat was tapped at 2820 F, held 16 min and poured at 2655 F. 
Chis grouping of crystalline inclusions consists of elongated 
gray sulphides with black angular particules adhering thereto, 
which are believed to be oxide-sulphides. 

Ihe compactness and spheroidal nature of the graphite in 
the 0.20 per cent titanium alloyed iron shown as Fig. 5 is note- 
worthy and is to be compared to the scrawly, partially flake- 
type graphite in the 0.76 per cent titanium alloyed iron shown 
in Fig. 4. Was there any trend in the morphology of the graph- 
ite particles with increasing titanium content from 0 to 3 per 
cent? Perhaps some variation in the melting furnace atmos- 
phere may be responsible here as the authors have stated else- 
where that nitrogen and air melting furnace atmospheres cause 
more compact nodules to develop during annealing. On the 
other hand the well known power of titanium to fix or immo- 
bilize nitrogen in iron and steel must not be forgotten. Finally, 
along with annealability, the mechanical properties of malle- 
able iron assume primary importance. For commercial malle- 
able iron, it has been said that around 0.04 per cent or more 
titanium lowered tensile ductility and that peculiar tensile 
fractures have been observed in malleable irons that have been 
produced from high titanium pig irons. Would the authors 
elaborate on their experience in this regard? One would ex- 
pect that the rather dirty iron shown, for example, in Fig. 4 
would have lower tensile properties than normal. Scrawly 
graphite and inclusion chains and clusters, per se, would create 
this result. 





Mr. Heine (Reply to Mr. Loria): I believe there is no dis- 
agreement between our work and that of Roe and Fishel. As 
a matter of fact, the present work was done before the work 
of Roe and Fishel was published. Attention was focused on 
the last two heats made simply as a means of making a 
closer study of two heats than could be made of the six heats 
in the time available. The extension of the work reported in 
this paper to the behavior of malleable iron is not warranted 
to the degree inferred by Mr. Loria. The suphides shown in 
Fig. 3 are iron sulphide and do not indicate any angular ap- 
pearance. Eutectic is absent because of the low sulfur content. 

The compactness of the graphite in the iron shown in Fig. 
5 is due mainly to the extremely low temperature at which 
this graphite was developed, 1200 F. 


*W. P. Roe and W. P. Fishel, “Gamma Loop Studies in the Iron- 
Titanium, Iron-Chromium and Iron-Titanium-Chromium Systems,’’ Transac- 
tions A.S.M., vol. 44, p. 1030-1046 (1952). 


1 Senior Engineer, Metallurgy, The Carborundum Co., Niagara Falls, N.Y. 








ECONOMIC CONSIDERATIONS IN 
REFRACTORY LADLE PRACTICE 


By 


James H. Rickey, Jr.* 


Progressive foundrymen are vitally interested in 
refractories because they realize that these heat-re- 
sistant materials are an important item in their pro- 
duction costs. Many times, however, lining materials 
for ladles are relegated to secondary importance be- 
cause they do not seem important enough for any 
special care or study. ‘True, the volume of refractories 
used may be small, but their effect upon the castings 
produced, and the corresponding profits effected are 
extremely great. With competition becoming stronger, 
and the margin of profit becoming smaller, it would 
be wise for each foundryman to analyze his ladle 
practice to see if it is possible to find better refrac- 
tories to produce time saving, longer lasting service. 

There are a number of factors to consider when 
determining the most economical ladle lining to use. 
Of course, the first thing that comes to mind is the 
initial cost of the refractories. This is only one of 
several. A second item is the cost of installation, which 
is becoming more and more critical as labor rates go 
up. Third, the length of service obtained, whether 
measured in hours, days, or number of tons poured, 
is an important factor. Finally, there is a fourth 
factor, not often considered and sometimes difficult 
to evaluate. That is the effect of the refractory lining 
on the metal being poured. Does it react in any way 
to form more slag which may enter the casting and 
produce scrap? Does slag adhere to the lining and 
reduce ladle capacity? Each of these points must be 
considered and answered by each foundryman if he 
is to obtain the best refractory for his shop. 

To further emphasize the importance of ladle re- 
fractories, it might be well to consider that except 
for possibly some crucible melting and induction 
furnace charges which are poured directly, all metal 
comes in contact with a ladle refractory before it is 
poured into a casting. 


Types of Ladles and Refractories Used 


Let us consider the various types of ladles and 
refractories that may be used. Forehearths, mixing 
ladles, holding ladles, or desulphurizing ladles, which 


*Sales Manager, The Ironton Fire Brick Co., Ironton, Ohio. 
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are quite similar, will be discussed first since they 
receive the metal directly from the cupola and are 
usually quite large. Super-duty and dense high-duty 
fire clay brick have been used with success in these 
type ladles. 

In Table | is shown comparative data for high-duty 
and super-duty fire clay brick. 


CHEMICAL AND PHYSICAL PROPERTIES OF 
Fire CLay BrIckK 


Tase | 





Typical High DutyTypical Super Duty 
Fire Clay Brick Fire Clay Brick 





Go o7 

/0 oO 
Silica Si0, 54.10 52.00 
Alumina Al,0, 40.70 42.70 
Iron Oxide Fe,0, 1.72 1.56 
Titania Ti0, 1.50 1.97 
Lime Cad 0.30 0.48 
Magnesia MgO - 0.50 0.20 
Alkalies Na,0 and K,00.84 0.62 
P. C. E. Cone 31-3214 Cone 33-34 
Fusion Point (Approx.) 3050-3180 F 3190-3250 F 
Deformation under load 4% Less than 1% 
Reheat change + 0.1% Negligible 
Panel Spalling loss 10-15% -4% 
Porosity 15% 10% 
Modulus of Rupture 900 psi 1100 psi 





It is important to lay these brick with a high 
quality, air setting mortar to prevent any slag or metal 
penetration at the joints. 

Plastic fire clay, used as a mortar, has extreme 
shrinkage, and cracks are bound to develop in the 
brick joints. Metal easily penetrates these cracks caus- 
ing hot spots and rapid failure. Clay mortar has low 
green strength and offers no structural stability until 
its ceramic bond is developed at elevated tempera- 
tures. Slags and soda ash quickly attack clay joints 
which offer little resistance to their corrosive action. 
On the other hand, air setting high-temperature 
cement has exceptionally low shrinkage, and resists 
cracking and metal penetration. Due to its air setting 
properties, high temperature cement gives a strong 
bond as soon as it dries, and maintains this strength 
up to its high fusion point, which is as high or higher 
than that of the brick themselves. 

Lining temperatures are high, as the metal is held 
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Step 1—Ramming ladle bottom with plastic refractory 
is started after the “safety” lining is completed. Ramming 
is done from side to side following the contour of the 
bottom radius. Scratcher for scoring surface is shown. 





Step 3—The ladle form is clamped into position to give 

equal lining thickness on all four sides. Ramming is 

started and a complete circle of the form is made to 
bring the lining up evenly. 





Step 5—The ladle form is removed after all of the 

ramming is completed. After opening the vent holes in 

the ladle form, it is rapped to loosen the form for easy 
removal. Always pull straight up—never to the side. 
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Step 2—The bottom contour gage is moved along the 

ladle to check the thickness and shape of the ladle bottom. 

The low spots are filled and the high points cut off with 
a trowel. 


Step 4—Ramming plastic refractory in the spout is don 

after the sides of the ladle are completed. It is necessary 

to tap the top of the spout form because it is forced 
upward from the pressure of ramming. 





Step 6—Anchor bolts or bent rods are welded in the 

ladle cover to hold the refractory lining. The length of 

these anchors should be 1 in. less than lining thickness. 
Plastic refractory is rammed to ladle cover contour. 


Fig. 1— Diagrams illustrate steps required to line a ladle. 


in the ladle for long periods of time, and sometimes 
a burner is applied to hold the temperature as high 
as possible in the forehearth. Thus, a high P.C.E. re- 
fractory is desirable. 

A monolithic lining for a holding ladle, particularly 
if desulphurizing is accomplished in the ladles, has 


been found satisfactory. It may have a back-up lining 
of brick also, to give added protection. A form should 
be used around which the plastic refractory may be 
rammed to form a dense monolithic structure between 
the form and the ladle shell. The form can be made 
of wood or metal and as strong or as light as desired 








Fig. 2—Sketches illustrate step-by- 
step procedure in building a wooden 
form used in ramming a ladle. 





One-inch siding covers the ribs. Each 
board extends full length of the 
form; splices may be caved in by 
pressure of the rammed lining. Nar- 
row strips are dressed down to give 


a smooth turn over the radius at the 
bottom. 





In crowded ladle areas, or for easier 
removal, a collapsible wooden form 
is used. Construction of one three- 
section rib is shown here. The center 
section is pulled up and out to allow 
the side sections to draw in and away 
from walls of the ladle lining. 


ts 





The contour of the ladle lining form 
is based on ribs made of 1-in. lumber. 
Each rib is reinforced by cleats across 
the top and bottom. Bottom cleats 
may be radiused or squared off. For 
forms, four ribs will give 
adequate support. 


most 





Sheet iron is nailed over the outside 
of finished wooden form. This sheath- 
ing gives a smooth finish to the lining 
and makes the form easy to remove. 
Quarter-inch vent holes drilled on 
12-in. centers along bottom prevent 
sucking out rammed lining. 


The complete collapsible wooden 
form is built on a series of three-sec- 
tion ribs. Ribs are cleated, and longi- 
tudinal braces extend from rib to 
rib as in a solid form. Metal sheath- 
ing, vent holes, and pipe for lifting 
are same as in the solid form. 
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The ribs are set 12 to 16 in. apart 

to give even resistance to pressure 

of rammed refractory. Braces reach 

from rib to rib, top and bottom. 

Structure may be nailed together, or 

fastened with screws for a more dura- 
ble, sturdier form. 





A strong piece of pipe or rod is put 
through the form just under the cross 
braces. Chains from a hoist are 
attached to this rod when the form 
is to be removed from ladle after 
lining is rammed in. Form should lift 
straight up, not drag to one side. 


This collapsible steel form has angle 
irons welded to outer edges of end 
plates. Holes are drilled through 
angles and tapped into side plates. 
Bolts hold ends to sides. Shaped steel- 
plate ribs slide into brackets made of 
angle iron. Weld on lugs or drill holes 
to attach lift chains. 
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(Fig. 1). But if it is made sturdily to withstand ram- 
ming pressure and ordinary. handling, it will last 
almost indefinitely. If it is made of wood, it should 
be sheet metal covered to give a smooth surface. A 
few vent holes should be drilled in the bottom and 
the surface slightly oiled to assist in removal after 
the lining is complete. Care must be taken during 
removal of the form not to damage the lining by 
cracking it or pulling it loose. If so, the lining is 
destroyed even before it is used. 

To give some idea of lining thickness normally 
used for various sized ladles we list the following: 


2- 4 Ton Ladles 3% to 5 in. 
5- 7 Ton Ladles 5 to 7 in. 
8-10 Ton Ladles 8 to 10 in. 


These plastic linings may also have a brick back-up 
lining against the shell. 

All these dimensions are approximate and depend 
upon metal temperature and tonnages poured. 


Method of Ramming Refractories 


Ramming can be done best with an air hammet 
to develop a uniform, dense lining having no cracks 
or flaws where metal or slag may penetrate. The re- 
fractory should be workable, but should not “crawl” 
when rammed. See Fig. 2. If an air rammer is not 
available, a hand tamper or mallet may be used to 
pound the material into place. If a form is not used, 
care must be taken to be sure that laminations par- 
allel with the ladle shell do not develop. 

Where ramming is done vertically against the shell 
when no form is used, these laminations or strata 
which may occur between consecutive layers of plastic 
as they are applied, can cause considerable difficulty. 
If no bond has been obtained, these layers will peel 
off like leafs of a book and premature failure may 
occur. This condition is also aggravated by the fact 
that the plastic usually must be wetter when it is 
installed without a form to increase its plasticity, and 
then greater shrinkage results. The best way to over- 
come this problem is to roughen or scratch the sur- 
face thoroughly as each successive layer is applied 
until the desired thickness is reached. A templet 
or gage must also be used carefully to be sure that 
no thin spots are left in the lining. 


Chemical Corrosion of Refractories 

A refractory plastic containing a high percentage 
of calcined grog best withstands the attack of the 
slag and soda ash in these desulphurizing ladles. Soda 
ash reacts with any free silica available in the refrac- 
tory forming sodium silicates and highly corrosive 
fluxes which rapidly erode the lining and at the same 
time reduce the effectiveness of the desulphurizing 
agent. Grain sizing of the plastic is important to pro- 
duce maximum density and prevent cracking or 
shrinking after being put into service. A super quality 
daub or wash coating is helpful in sealing any hair 
line cracks which may develop during drying and 
preheating. 

This wash coating should provide a highly refrac- 
tory surface which is resistant to slag attack. It should 
not be “wetted” by the slag and metal, thus prevent- 
ing any slag build up on the lining. It should be air 
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setting to give a smooth, hard skin which will seal 
the lining and not crumble or fall off. 

A word of caution should be given here. Be sure 
that the monolithic lining is thoroughly dried and the 
ladle preheated to a red heat before applying the 
wash coating (Fig. 3). This way one can be sure that 
no moisture will be sealed in the lining and if any 
shrinkage cracks occur, they will all be sealed. 


Fig. 3—Refractory 
linings in hand 
shank ladles being 
preheated by means 
of a flame burner. 





Forehearth ladle lids may be laid up with brick, 
rammed with plastic, or poured from a castable re- 
fractory. There is no direct contact with the metal, 
and the primary requirements are resistance to temp- 
erature and thermal spalling. Lugs or gaggers should 
be placed in the lid to support the rammed plastic 
or the castable. These gaggers may be bolts, screws, 
rods, wires, or angles, running through the lid or 
welded to it, to anchor the refractory to the lid. All 
that is necessary is for the gagger to provide some 
support to which the plastic can hold. They should 
extend to within 1-2 in. of the hot face of the refrac- 
tory, depending on its total thickness. They are 
usually placed on 6-8-in. centers which provide ample 
strength. 

Large transfer and bull ladles from 1500 to 10,000 
lb capacities can be lined successfully with plastic 
refractories. One of the important considerations here 
is to use a refractory which will not build up with 
slag nor react to form more slag. Many gray iron 
foundries are using a graphite-bearing plastic in their 
transfer ladles and obtaining exceptionally long ser- 
vice. The graphite prevents the metal from “wetting” 
the lining and there is less chance of slag build-up. 
Some of these plastics achieve their success by being 
highly refractory and inert, so that the hot metal has 
no effect on it. Others achieve equally good results 
by forming a glaze on the lining surface when con- 
tacted by hot metal. This glazed surface is very thin 
but prevents the passage of slag or metal through this 
“skin.” Behind it, the remainder of the lining main- 
tains its original composition and structure. Ap- 
parently this is a matter of equilibrium between the 
fusion point of the plastic and the pouring temp- 
erature of the metal. This glazing Action is progres- 
sive, so that as additional material is exposed to the 
heat as the hot face, it too becomes glazed. Naturally, 
this glassy surface is very thin and viscous and the 
rate of erosion is quite slow, resulting in long service 
life. For some applications, such as ladle lips, cupola 
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tap holes and spouts where there is much erosion, 
this type plastic gives better results with its fused or 
glazed surface, than other types with higher fusion 
points which “wash out” rapidly. 

In the smaller pouring ladles and hand ladles, re- 
fractory linings are subjected to considerable abuse. 
Although the temperatures of the metal are usually 
much lower by the time they reach these small ladles, 
there is usually much spalling encountered due to 
rapid heating and cooling throughout the day. Also, 
they receive a great deal of mechanical shock from 
rough handling. For this reason, these ladles are often 
1elined after every heat with a cheap clay, or sand- 
clay mixture as the cheapest method. This may be 
true, but it would be worth investigating to see if 
a higher quality refractory lining might pay off in 
better quality castings and less scrap. Also if slag 
build-up can be eliminated, ladles may give many 
times the service of a cheap refractory lining. 

Use of Ladle Pouring Brick 

Although they have been in use for many years, 
it may be well to mention the use of ladle pouring 
brick. When tapping metal into a ladle, small bits 
of slag and other foreign materials will float on the 
iron, and these particles will be poured into the mold 
unless extreme care is used. These slag inclusions 
when found in a half finished casting in the machine 
shop represents a considerable loss. 

By using ladle pouring brick, which are fire clay 
shapes in the form of half cylinders of varying diam- 
eters and lengths, the foundryman can secure the 
benefits of bottom-pour ladles from either crane, bull 
or hand ladles, They are quite simple to use. The 
ladle pouring brick is pressed into the side of the 
ladle lining 14 in. to 4 in. while the plastic is still 
damp, and about 2 in. above the bottom. The ladle 
is then dried in the usual manner. When pouring, 
the clean iron passes up through the brick and the 
slag remains in the ladle. There is no delay in pour- 
ing time caused by these tile, since their diameters 
are graduated according to ladle sizes to permit ade- 
quate pouring rates. . 

Table 2 shows various sizes of tile available at 


TABLE 2—Si1zE OF LADLE PouRING BRICK 





Inside Outside 








Diam- Diam- 
Size Ladle, Length, eter, eter, 
Ib. in. in. in. 
50 6 21% 4 
75 7 214 4 
100 9 214 4 
150 10 21% 4 
200 11 21% 4 
250 12 21% 4 
300 13 214 4 
400 14 214 4 
500 16 41, 614 
600 17 41, 61, 
800 18 414 64, 
1000 19 4, 6, 
1500 18 534 73/4 
2000 18 5%, 73/4 
2500 22 534 73/4, 
$000 28 53/4 73/4 
4000 28 534 73/4, 





REFRACTORY LADLE PRACTICE 


present. Diameter sizes or lengths may be changed 
according to a foundry’s specific requirements for 
certain applications. For example, someone may want 
the diameters of a 500-lb ladle pouring tile, but a 
length of only 10 in. This length can easily be pro- 
vided. They are primarily for use in gray iron found- 
ries where temperatures are not too high. In steel 
foundries, they will not withstand the high tempera- 
tures and iron oxide encountered, and freezing usually 
occurs in the spout. 

Ladle bottom tile are used in ladles of various 
sizes. These round disks are used in the bottom of 
ladles in place of fire clay brick, which are hard to 
fit and have joints, or plastic which may be difficult 
to dry. Table 3 lists a range of ladle bottom tile sizes 
that may be used. “Boiling” may occur in the bottom 
of a ladle if it is not thoroughly dried out, causing 
inverse chills in casting, and producing slag in the 
metal. Ladle bottom tile are easy to install and eco- 
nomical to use. A cushion of clay is spread over the 
bottom and the proper size ladle bottom tile placed 
directly over it. The sides are lined in the usual 
manner, dried thoroughly, and the ladle is ready to 
use. The tile forms a solid bottom, with no joints, 
and little chance of a bottom spill, and the bottom 
is dry with no boiling. 


TABLE 3—SIZE OF LADLE Bottom TILE 





Diameter Thickness 
Size Ladle, of Tile, of Tile, Weight, 
Ib. in. in. Ib. 








100 814 1 3.92 
150 91, 1 4.97 
200 10 l 5.81 
250 103, 1 6.72 
300 11% l 7.63 
400 121% l 9.03 
500 14 2 22.68 
600 1414 2 24.36 
700 15 2 26.04 
800 16 2 29.61 
1000 171% 2 35.42 
1500 1914 214 55.02 
2000 221, 21% 71.61 
2500 231% 214% 79.87 
3000 25 2%, 90.44 
3500 27 21% 97.79 
4000 271% 21% 109.41 





Malleable Foundry Refractories 


In malleable foundries, higher temperatures are 
common and many times the metal is oxidizing. An 
acid or siliceous-type refractory lining proves most 
successful for this type of operation. The high heat 
will slightly vitrify the lining surface, but it will then 
tend to remain unaffected by the metal or slag. This 
highly siliceous ramming mix should be tempered 
with water to the consistency of damp molding sand. 
The lining should be rammed just as dense as pos- 
sible to eliminate soft spots and cracks. As the ladle 
is brought up to operating temperature, the silica 
expansion eliminates shrinkage cracks and balances 
the volume reduction of the clay content. 

This same type of lining works well in ladles 
handling acid electric steel. Metal temperatures may 
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Fig. 4 (Above) 
and Fig. 5 (Left)— 
Photo and sketch of 
flame burner used in 

drying and pre- 

heating refractory 
ladle linings. 












































reach 3200-3250 F and this siliceous refractory will 
give safe, dependable service. Many times a grain- 
sized quartz ganister is added to make a 50-50 mix. 
This proportion may be varied 10 per cent either way 
depending upon the individual factors, such as ladle 
size, density required, mechanical erosion, etc. This 
application was discussed in detail by Wyman in his 
paper on acid electric steel foundry ladles.* 

It should be pointed out that grain-sized ganisters 
are those having the fines screened out. The resulting 
product aids in obtaining maximum densities by 
forming a matrix for the fine-grained siliceous mix. 
Also, most of the impurities in the ganister are in 
the fines, and by removing them, the P. C. E. of the 
grain-sized ganister is improved. 


Installation of Ladle Refractories 


Regardless of what material may be used as a ladle 
lining refractory, the care in making the installation 
and bringing it safely up to operating temperatures 
is vitally important. The success or failure of the re- 
fractory may depend upon this one factor, before the 
ladle ever receives its first molten metal. Whenever 
mud or rammed, monolithic linings are used, the 
ladle shell should be vented to permit moisture to 
escape during the drying period. Without vent holes, 
much greater time is required to drive out all the 
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entrapped water. In fact, when the lining is over 
t in. thick, moisture may be driven back against the 
shell during drying where it remains with no means 
to escape. Then when the ladle is put into service, 
vapor is formed causing spalling and rupture of the 
refractory lining. 

After ramming the bottom and sidewalls using a 
form, the sidewalls should again be rammed with the 
hammer in a horizontal position. A surprising num- 
ber of soft spots will be found, usually at the parting 
lines of the different layers of the mix, even though 
a good job of scratching the surface between layers 
had been done. 


Drying of Refractory Ladle Linings 


Linings may be air dried over night if time permits 
or heated to about 400 F in about 8 to 10 hr. This 
heat may be supplied by a gas burner flame applied 
to the inside of the ladle, or a core oven may be 
utilized for small ladles. After this drying period, 
a torch should be inserted to bring the lining up to 
a cherry red heat. The time required for this pre- 
heating may vary from an hour up to 10 or 12 hr 
depending upon the size of ladle involved and the 
type refractory used. Shown here are several methods 
used to insure proper drying and preheating of the 
ladle lining before it is put into use. See Figs. 3, 4, 5, 
6 and 7. Each foundryman must determine the most 
efficient and satisfactory drying cycle to give the 
longest refractory life. Labor costs can be reduced 
substantially by reducing ladle repairs and increasing 
refractory service. Each of these factors should be 





Fig. 6 (Above) 
and Fig. 7 (Right )— 
Photos show ladle 

linings being pre- 
heated prior to use. 
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carefully weighed when selecting the type materials 
for the refractory practice, 

There are on the market today a number of new 
refractory products for use in ladle linings. Most of 
these are plastic refractories and supplement those 
materials that have been available and in use for many 
years. Some of these newcomers are in the super-duty 
class, having higher fusion points, less shrinkage, and 
greater spalling resistance. The field of graphite-bear- 
ing plastics claim greater workability and cleaner 
ladles. 

Also refractory castables are receiving more atten- 
tion particularly for ladle covers. Fusion temperatures 
have been increased and it is simple to pour a new 
lid in a hurry. These castable refractories reach maxi- 
mum strength in 24 hr and are ready for service. They 
may be expected to play a bigger part in the foundry 
in the future. 

A further consideration when selecting the proper 
ladle refractory must be made between manufactured 
refractory products and special mixtures prepared 
by the foundryman himself. Many of these home- 
made blends do an excellent job and prove more eco- 
nomical to use than any purchased product ever 
tested. It is not the question of quality, but the 
trouble and expense that results for the foundry 
operator doing his own mixing and blending. To 
some, this may be no problem, but to others it can 
mean much costly down time and high labor costs 
for refractory preparation. 

Everyone does his best to make a profit in the 
business of his choosing, and one of the sure ways of 
accomplishing this is to watch production costs. Ladle 
refractories and their installation should not be over- 
looked when trying to find places where money can 
be saved. It may mean cheaper priced material. It 
may be a longer lasting product, although its initial 
price is higher. It may be a material more easily in- 
stalled or one that will substantially reduce scrap 
castings. Here are a number of points which must 
be determined and evaluated to fully analyze ladle 
refractory practice: 

1. Cost of refractory or refractories, f.o.b. shipping 
point. 

2. Comparison of freight rates applying from ship- 
ping point to foundry (lc. cl, Lt.., truckload, 
warehouse). 

3. Mixing or preparation of refractories for use. 

4. Labor cost of installation. 

5. Repairs and maintenance required (labor and 
material). 

6. Quality of iron and castings obtained with each 
refractory. 

Refractory manufacturers and their representatives 
are willing consultants and assistants in helping the 
foundryman improve ladle refractory service to the 
optimum. 
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DISCUSSION 


Chairman: W. R. JAEscHKE, Whiting Corp., Harvey, IIl. 

Co-Chairman: R. W. Witscney, A. P. Green Fire Brick Co., 
Chicago. 

Secretary: R. W. WITSCHEY. 

F. W. Jacoss:* What is the effect of refractory lining thick- 
ness on service life? 

Mr. Rickey: A thicker lining radiates less heat and wears 
away more rapidly. 

Sam Hopter:*? Why do we get less service life from a 3-in. 
than from a 5-in. lining? 

Mr. Rickey: Normally you should get longer life from the 
thicker lining. Your problem can probably be traced to im- 
proper ramming and lack of density in the rammed lining. 
The mechanical and thermal effects in thin linings should 
not be overlooked. Rapid heating and cooling can cause thin 
linings to fail. 

R. H. Zouier:* It should be pointed out that linings installed 
by patting are not as dense and serviceable as linings rammed 
behind a form. 

CHAIRMAN JAESCHKE: The author is to be complimented for 
a very fine paper and an excellent presentation, particularly 
for emphasizing the importance of drying and preheating ladle 
linings. When preheating ladles in the upright position, it is 
advisable to set the ladles up on stools or rails to permit venti- 
lation under the ladle bottom. Unless this precaution is 
observed, the bottom plate may buckle and rupture the 
bottom refractory. 

Has the author ever experienced difficulties in cover linings 
reinforced with rods? 

Mr. Rickey: Yes, rods can be a factor in cover lining fail- 
ures. Care must be taken to see that only small diameter light 
rods are used. 

R. K. Lorron:* We use a thin lining in our 200-lb transfer 
ladles. Our heat losses are too great. Can some type of re- 
fractory correct this condition? 

Mr. Rickey: Some materials are more dense than others, 
but you must expect considerable heat loss from linings only 
1 in. thick. 

CHAIRMAN JAESCHKE: You can obtain some insulation by using 
a sheet of asbestos between the refractory and the shell. 

Mr. ZoLLerR: In using patted linings, it is often necessary to 
introduce excess water which makes longer drying necessary. 
All ladles should be perforated with weep holes. 

CHAIRMAN JAESCHKE: As further emphasis on the importance 
of thoroughly drying a rammed refractory, I would like to 
mention an extreme case observed in France. In a steel foundry 
there, a 1314-in. rammed ganister lining was used in an oil- 
fired rotary melting furnace. Great care was used to dry this 
lining. Ten to fifteen days were required to dry this lining 
by gas flame; manometers measured pressures at various points 
in the lining as a guide to the rate of heating. As a result the 
operator was able to obtain 200 heats of very hot low-carbon 
steel from these linings. 


1 Chief Metallurgist, Texas Foundries, Inc., Lufkin, Texas. 
2 Melt Supt., Golden Foundry Co., Columbus, Ohio. 

8 President, Zoller Casting Co., Bettsville, Ohio. 

* Product Supt., Perfect Circle Co., Richmond, Ind. 
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APPLICATION OF CHILLS TO IMPROVING PRESSURE 


TIGHTNESS OF GUN METAL (88-8-4) 


W. H. Johnson,* H. F. Bishop* and W. S. Pellini** 


ABSTRACT 


Feeding range of gun metal was evaluated on a basis of 
pressure tightness developed in a bar casting at various dis- 
tances from a riser. Measurements of thermal gradients devel- 
oped during solidification of the casting provided information 
as to the degree of directional solidification required to develop 
pressure tightness. Melt quality is shown to be an important 
factor—metal which contains gas requires a greater degree of 
directional solidification to produce soundness. 

By application of chills in a novel manner it is possible to 
accentuate the degree of directional solidification to the extent 
that even gassy metal may be made pressure tight. This is dem- 
onstrated for the difficult case of thin-walled bushings which 
cannot be made consistently pressure tight even with good 
quality metal of low gas content when cast without chills. The 
usual practice of using end chills is demonstrated to be ineffec- 
tive for purposes of increasing feeding range and overcoming 
the effects of gas. 


Introduction 


To develop complete soundness in a casting it is 
necessary to maintain open interdendritic paths or 
channels for movement of feed metal during the 
entire period of solidification. The wall growth solid- 
ification characteristics of the alloy may help or hinder 
the achievement of this goal. Alloys which solidify 
in such a way as to develop wide regions of inter- 
mixed liquid and solid material (mushy or non-pro- 
gressive freezing) provide difficult paths for the flow 
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Fig. 1—Wall growth solidification 
curves related to shrinkage =- 
characteristics. SURFACE 





of feed metal. Conversely, alloys which solidify with 
narrow regions of mushy material (progressive freez- 
ing) provide relatively easy paths for the flow of feed 
metal. 

All positions in a casting solidify with the same 
type of wall growth, i.e., geometry has no influence 
on the mode of wall growth. The effect of geometry 
is entirely on the rate of wall growth and results from 
differences in the rate of heat extraction at various 
casting positions. A geometry which results in com- 
pletion of solidification at the centerline or center- 


‘ plane of the casting in a sequence such that the time 


is gradually increased in the direction of the riser 
provides for directional solidification. 

The degree of directional solidification (strong, 
weak or non-existent) determines whether or not the 
interdendritic channels for feed metal flow are main- 
tained sufficiently open to provide for complete feed- 
ing to obtain soundness. Strong directional solidifica- 
tion is required for metals which freeze in a mushy 
manner while weak directional solidification may be 
sufficient for metals which freeze in a progressive 
manner. 

The relative difficulty of feeding and the end re- 
sult of feed metal deficiency may be deduced from 
wall growth solidification curves shown in Fig. | for 
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the case of steel and tin bronze.1 Once a familiarity 
with curves of this type is developed it is possible to 
approach foundry problems more directly and to 


understand why certain feeding and shrinkage dif- 
ficulties are inherent to specific metals. 











Solidification Curves 


Solidification curves for wall growth of steel show 
that solidification is sufficiently progressive to permit 
easy movement of feed metal along the centerline and 
then laterally to wall regions. Whenever a deficiency 
of feed metal results (for reasons to be discussed) 
shrinkage develops at the centerline since this is the 
last position to require feed metal. 

Solidification curves for tin bronze show that freez- 
ing is essentially non-progressive, resulting in a mushy 
condition throughout the cross section of the casting 
until very late stages of solidification. The flow of feed 
metal along the centerline is difficult and moreover 
lateral feeding to positions near the casting surface 
is required even at late stages of solidification. 


If feed metal cannot be provided at late stages of 
solidification, the lateral channels will develop in- 
terdendritic shrinkage. Depending on the net defici- 
ency of feed metal, interdendritic shrinkage may be 
dispersed or interconnected from surface to surface 
thus providing conditions for leakage. The presence 
of gas is an additional factor which may increase the 
number of interdendritic shrinkage areas and/or 
cause these to be more interconnected by preventing 
the flow of feed metal at late stages of solidification. 

The problem of feeding range of castings entails 
the question of distance that a riser can act to provide 
feed metal necessary to eliminate unsoundness of 
whatever type is natural for the alloy in question. 
While the riser has the ability to provide the necessary 
feed metal for long distances it will do so only to the 
rectional solidification. 
extent that the geometry of the casting provides di- 
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Fig. 2 (Lett)—Rela- 
tionship of directional 
solidification to feed 





metal flow. 

















Fig. 3 (Right )—Direc- 
tional! solidification 
conditions in simple 





bars. 














————— INDICATES DIRECTIONAL SOLIDIFICATION 


Figure 2 illustrates the relationship of directional 
solidification to the problem of feed metal flow. Basi- 
cally, an open path for feed metal flow must be pro- 
vided in the direction of the feed source (riser or 
heavier section). If the path does not permit passage 
of feed metal at the required rate, a feed metal 
deficiency is developed and shrinkage follows. 

Use of a simple bar or plate castings of uniform 
thickness permits evaluation of the relative feeding 
range which may be obtained for various alloys, the 
effects of melting practice, risering, gating procedures, 
etc. Simple castings of this type also permit thermal 
analysis determinations of the degree of directional 
solidification required to produce soundness. 

Figure 3 illustrates that such simple shapes (if suf- 
ficiently long) provide a variety of directional solidifi- 
cation conditions. For example, a short bar essentially 
consists only of end and riser zones featuring strong 
and moderate directional solidification conditions. 
For example, a short bar essentially consists only of 
end and riser zones featuring strong and moderate 
directional solidification conditions, respectively. As 
the length is increased an intermediate zone of weak 
directional solidification is developed; with further 
increase in length the intermediate zone no longer 
develops directional solidification. End and riser re- 
gions will tend to be sound (solidification always 
directional), while the intermediate regions suffers a 
feed metal deficiency (solidification not directional) 
and develops shrinkage of the type typical of the 
metal in question. 

In this investigation the feeding range of tin bronze 
was evaluated on the basis of pressure tightness de- 
veloped at various distances from the riser. The degree 
of directional solidification which was developed at 
various distances from the riser was established by 
thermal analysis and related to pressure tightness. 
Basic information was thus obtained regarding the 
requirements of directional solidification to produce 
pressure tightness. 
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Procedures 


Navy gun metal (88-8-4) was used throughout this 
investigation because of its widespread use for cast- 
ings requiring pressure tightness. Virgin and scrap 
metal charges were used for various experiments. 
Melting was performed with an oil-fired furnace of 
600-lb capacity under an oxidizing flame and without 
cover except for comparison heats (to be noted) melt- 
ed under reducing conditions and under charcoal 
cover. Deoxidation was accomplished by the addition 
of 2 oz of phosphor copper per 100 Ib of charge. The 
pouring temperature in all tests was 2000 F. 

Castings were poured as 4-in. x 4-in. bars of various 
lengths and as bushings 20-in. high, 6-in. OD and 1-in. 
wall thickness. The bars were cast horizontally with 
6-in. diam, 8-in. high risers. —The bushings were cast 
vertically and fed with two 6-in. diam, 6-in. high 
risers. In both cases gating was into the risers. The 
molding sand was an AFS 80 synthetic sand bonded 
with 3 per cent bentonite, 1 per cent cereal and 3.5 
per cent water, air dried for 24 hr prior to casting. 

Pressure tightness of the bars and bushings was 
determined with water using a conventional hydraulic 
pump. In the case of the bars tests were made on 
y,-in. thick sections which were cut in a transverse 
direction from various positions along the length. In 
the case of the bushings, equal amounts of metal were 
removed from inside and outside surface — the thick- 
ness was reduced 14-in. on the first cut and 14-in. on 
subsequent cuts until a wall thickness of 4 in. was 
reached. 

Temperature gradients required for the determina- 
tion of the degree of directional solidification were 
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Fig. 5—Pressure tightness data for 12-in. and 16-in. bars 
with end chills. 





measured by insertion of thermocouples at various 
positions along the centerline of the castings. The 
couples used were 24 gauge, chromel-alumel type 
sheathed with fused quartz tubes of %4,-in. OD aad 
4-in. ID. Temperatures were recorded with multi- 
point automatic recorders with a sensitivity of 2°F. 


Bar Studies 


Previous studies of the feeding range of cast steel 
bars? demonstrated that the maximum distance which 
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could be made free of centerline shrinkage was 


6\ 1 (T = thickness of bar), i.e., 12-in. for a 4-in. 
bar. Bars of greater length developed centerline 
shrinkage at the intermediate position described in 
Fig. 3. Thermal studies indicated that a degree of 
directional solidification represented by gradients 
greater than 6—12°F/in. were required to ensure 
soundness in steel bars. In other words a deficiency of 
feed metal developed in the intermediate regions as 
the bar was made sufficiently long to cause the gradi- 
ents to fall below this value in the intermediate 
regions. 

Figure 4 presents thermal gradient and pressure 
tightness datat for gun metal cast as 4-in. thick bars 
of 12-in. and 30-in. lengths, i.e., equal to and greater 
than the 12-in. distance determined to be maximum 
for steels. It is observed that in the 12-in. long bar, 
pressure tightness in excess of 400 psi was obtained 
at all positions with virgin metal heats melted under 
oxidizing conditions; a virgin metal heat melted under 
reducing conditions developed leakage at 25 psi ex- 
cept near the casting end at which point 50 psi was 
required, 


Scrap Metal Heats Leaked 


The scrap metal heats developed leakage at 100 to 
200 psi at intermediate positions; consistent pressure 
tightness in excess of 400 psi was developed only at 
the casting end. Correlation with the thermal data 
show that leakage is developed in regions which solidi- 
fied with strong directional solidification (gradients 
equal to or greater than 10°F /in.) with metal which 
was melted so as to contain gas. In the case of proper- 
ly melted virgin metal heats, gradients of 10°F /in. 
were sufficient to produce pressure tightness. 


+Note: The bands presented in the various figures represent 
the range of pressure tightness values obtained on adjoining 
slices, successive machine cuts or repeat castings. 
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Fig. 6—Pressure tightness and thermal data for 30-in. bar 
with end chills. 





CHILLs IMPROVE PRESSURE TIGHTNESS OF GUN METAL 


The 30-in. long bar developed leakage at low press- 
ure in central regions for both the scrap and virgin 
metal heats,* due to a feed metal deficiency resulting 
from inadequate directional solidification as indicated 
by the low thermal gradients (5-7°F/in.) which were 
measured in these regions. The variation of pressure 
tightness in the 30-in. bar follows the change in degree 
of directional solidification indicated by the thermal 
gradients. 

Figure 5 illustrates the effect on pressure tightness 
when end chills were used to accentuate the direc- 
tional solidification of 12-in. and 16-in. long bars. In 
the case of the 12-in. bar the chills were effective in 
improving pressure tightness of scrap metal heats 
only in the casting end region; a virgin metal heat 
was pressure tight at all positions as should be ex- 
pected from the fact that a similar performance was 
obtained in the absence of a chill. 

In the case of the 16-in. bar the end chill was effec- 
tive for one of the virgin metal heats but not for the 
other. This indicates that for this length, the effects 
of the chill are borderline and that metal which con- 
tained appreciable gas could not be expected to be 
sound in the intermediate regions. 

Pressure tightness and thermal data for a 530-in. 
long bar with end chills are presented in Fig. 6. Com- 
parison with Fig. 4 shows that a significant improve- 
ment in pressure tightness is obtained only near the 
chill end of the casting. The thermal data indicate 
that this is the only position in the bar which shows 
an increase in degree of directional solidification due 
to application of the chill. 


Chills and Feeding Range 


The effects of chills on feeding range has been in- 
vestigated previously in studies of steel castings.* The 
same effects were noted in that the feeding range was 
increased by small amounts (1T for bars and 2 in., 


* Note: Unless otherwise noted all heats referenced were 
melted under oxidizing conditions. 
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Fig. 7—Laterally placed wedge chills. As indicated, chills 
are cut to prevent warpage. 
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Fig. 8—Fressure tightness and thermal data for 30-in. bar 
with wedge chills. 


irrespective of thickness, for plates) and that the in- 
crease was due to increased rates of solidification in 
the regions immediately adjacent to the chill. Regions 
removed from the chill by distances of 1 to 2T were 
relatively unaffected by the chill. 

As the result of these studies, it was concluded that 
while chills exert a potent influence on rates of 
solidification and degree of directional solidification, 
the effects are of short range. This is due to the fact 
that after a solid skin has developed in the regions 
next to the chill, the continuing effect is one of cool- 
ing this solid surface material to lower temperatures 
in preference to extending solidification deeper into 
the casting. 

It may be concluded that for purposes of control- 
ling the degree of directional solidification over long 
distances, it is necessary to utilize the potent short 
range effect of chills by suitable placement of the 
chills. This suggests using chills in a lateral rather 
than end position, as shown in Fig. 7.* The purpose 
was to develop a smoothly decreasing effect of the 
chill along the section; in essence, to develop an arti- 
ficial pad acticn with relation to solidification rates 
across the thickness of the casting. A double taper or 
wedge design was utilized to achieve the maximum 
effect. 

Figure 8 shows that pressure tightness in excess of 
400 psi was developed along the entire length of the 
30-in. bar with the use of such chills. The marked 


* Note: As indicated in Fig. 7 the 24-in. Icng chills were cut 
in order to prevent warpage. The 15-in. long chills used with 
bushings, Fig. 9, were not cut since little if any warpage oc- 
curred. The chill surfaces were washed with a silica mold wash 
in most cases. 
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Fig. 9—Pressure tightness vs wall thickness for bushings 
cast with and without wedge chills. 
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improvement in pressure tightness is due to the strong 
directional solidification conditions which are devel- 
oped by the lateral chills, as indicated by the thermal 
gradient data. Actually, the degree of directional 
solidification has been made most pronounced in the 
intermediate regions which ordinarily show minimum 
values. 


Bushing Studies 


The bar studies provided basic information re- 
garding the approach which is required for the devel- 
opment of pressure tightness in practical castings. 
Bushing studies were conducted to illustrate the ap- 
plication of the basic information to a casting which 
is typical of the type used for hydraulic systems. 

Figure 9 illustrates the type of castings investigated. 
Types A and B represent conventional practice, i.e., 
casting without chills or with end chills. Type C 
represents the type of approach suggested by the bar 
studies; i.e., the utilization of the short range effects 
of chills to develop strong directional solidification 
along the length of the casting. 

A total of 5 heats (3 scrap, 2 virgin) were cast 
without chills. Except for one of the virgin heats, 
pressure tightness fell to low values following machin- 
ing to below 5-in. thickness. Six heats (4 scrap, 2 
virgin) were cast using spot type chills with essen- 
tially similar results, indicating no significant im- 
provement due to the use of end chills. In contrast, 
all of the five heats (3 scrap, 2 virgin) cast with the 
lateral wedge chills showed no leakage at 400 psi 
even when the wall thickness was reduced to 4 in. 

The strong directional solidification conditions 
which are developed in the bushing as the result of 
the wedge chills are evident from the thermal data 
presented in Fig. 10. In the case of the bushing cast 
without chills, the thermal gradients do not exceed 
10°F /in. except at the casting edge, at which point a 
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Fig. 10—-Thermal data for sand cast and wedge chill 
bushings. 
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slight increase is observed. The wedge chill casting 
develops gradients in excess of 30°F/in. at all posi- 
tions; the high peak in the intermediate region of the 
bushing occurs near the tip of the chill and is due to 
the transition in this position from a chilled to an 
unchilled region. 

These data illustrate that it is not necessary to carry 
the chill to the riser since the natural directional 
solidification condition developed near the riser is 
intensified, due to the thermal gradients established 
between the riser and the chilled portion of the cast- 
ing. Actually, carrying the chill to the riser will cause 
undesired heat extraction from the riser and thus will 
have the detrimental effect of decreasing its solidifi- 
cation time. 

Figure 11 presents data which provide further eval- 
uation of limits to which strong directional solidifi- 
cation developed by lateral wedge chills can be ex- 
pected to overcome effects of poor melting practice. 
Metal which was melted under a wet charcoal cover, 
and the same metal nitrogen flushed to affect an im- 
provement was used in these tests. The castings with- 
out chills show only a slight improvement of pressure 
tightness for the metal which was nitrogen flushed 
compared to the metal which was poured without the 
flushing treatment. 

The two castings were poured from the same heat, 
representing metal before and after flushing. Two 
other heats were split in a similar fashion and poured 
into molds with the wedge chills. The resulting cast- 
ings did not leak at 400 psi even when machined to 
y4-in. thickness. These data show that strong direc- 
tional solidification induced synthetically by the use 
of lateral chills may be used to overcome the effects 
of melting practices which introduce gas into the 
metal. 


CuHILLs IMPROVE PRESSURE TIGHTNESS OF GUN METAL 


The improved feeding which results from increas- 
ing the degree of directional solidification in the 
bushings by means of wedge chills is illustrated by 
the radiographs and micrographs of Fig. 12. The 
sand-cast and spot-chilled bushings show large, con- 
nected interdendritic voids while the wedge-chilled 
castings show only small dispersed voids. Density 
measurements for the wedge-chilled castings showed 
values of 8.753 to 8.842 (aver. 8.788) gm/cm* while 
the sand castings varied from 8.391 to 8.676 (aver. 
8.577) gm/cm*. Since the maximum density (severely 
forged specimen) is 8.895 gm/cm', it may be calcu- 
lated that the void percentage of the wedge-chilled 
castings is 1.2 per cent and that of the sand castings 
3.6 per cent. 

Similar observations were made in the case of the 
bar castings. As illustrated in Fig. 13, the 30-in. cast- 
ings, with and without end chills, which leaked at 
low pressure, showed large interconnected voids. The 
same bars, cast with lateral chills, which were pressure 
tight showed only small dispersed voids. 


Conclusion 


Alloys which solidify with the development of a 
general mushy condition provide difficult paths for 
the flow of feed metal. This means that the distance 
to which risers can be expected to feed to soundness 
are relatively short if the casting is of uniform or near 
uniform thickness. Such alloys have another disad- 
vantage in that the interdendritic shrinkage which 
develops as the result of a deficiency of feed metal is 
distributed throughout the cross section rather than 
concentrated at the centerline. If such shrinkage be- 
comes interconnected, continuous channels are pro- 
vided for leakage under liquid and gas pressure. 

It has been recognized that interdendritic shrinkage 
may be aggravated by the presence of gas. Accord- 
ingly melt quality is of primary concern to the brass 
foundry industry. The question of the relative im- 
portance of improved feed metal flow (elimination of 
liquid to solid shrinkage) as contrasted to improve- 
ments in gas content of the metal (gas shrinkage) 
has been argued extensively. Essentially the question 
involves the extent to which improvements in melt 
quality may be expected to resolve the problem. 

In other words, given the usual, fair to moderate 
degree of directional solidification which is to be 
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Fig. 11Pressure tightness vs melting practice for sand 
cast and wedge chill bushings. 
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Fig. 12—Radiographs and micrographs of representative bushings. Mag.—Approx. 50x. 


expected in the average casting (question of basic 
geometry and padding), is it possible to produce 
consistently pressure tight castings using metal melted 
under the best commercial practice or average quality 
metal which is gas flushed? The answer seems to be 
no, as evidenced by the results of this investigation 
and by widespread use of impregnation in practice. 

The present investigation shows that even with the 
best of melting practice (virgin metal melted under 
oxidizing conditions), pressure tightness cannot be 
assured with the degree of directional solidification 
which is to be expected in the average casting. It is 
only when relatively strong directional solidification 
is developed that the goal is achieved with the best 
of commercial quality metal. If conventional quality 
metal is considered (scrap and virgin metal melted 
under average shop conditions) the degree of direc- 
tional solidification which is required must be in- 
creased further and probably outside of that which 
can be accomplished with reasonable padding and 
the use of the conventional, relatively inefficient end 
chills. 

To overcome the effects of metal melted under poor 
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chill cast bars. 
Fig. 13—-Micrographs (approx. 50x) of sand and wedge 
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conditions, it is necessary to develop very strong 
directional solidification which requires specialized 
use of chills as described in this report. It is im- 
portant to note that: (1) better than average direc- 
tional solidification is required for the case of “good 
quality” metal, and (2) “bad quality’ metal can be 
made sound by very strong directional solidification. 

It is concluded that the development of consistent 
pressure tightness in average type castings requires 
either an improvement in the quality of metal beyond 
that presently available or the use of lateral type 
chills to overcome gas effects by increasing the degree 
of directional solidification. 
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DISCUSSION 


Chairman: H. L. Smrru, Federated Metals Div., American 
Smelting & Refining Co., Pittsburgh, Pa. 

Co-Chairman: R. J. SAuM, JR., Lava Crucible-Refractories 
Co., Chicago. 

Secretary: H. C. AHL, JR., Down River Casting Co., Rockwood, 
Mich. 

R. B. FiscHer (Written Discussion):* As manufacturers of 
intricate bronze pressure castings, such as pump and compres- 
sor parts, it has been our opinion for some time that merely 
producing metal of high melt quality is no guarantee that 


1 Metallurgist, Ingersoll Rand Co., Phillipsburg, N. J. 


Fig. A—High Pressure Compressor Cylinder 
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the castings poured from it will be hydrostatically sound. This 
statement is not a startling one and probably every maker of 
bronze pressure castings will agree with it. It has been shown 
many times in our practice that until a satisfactory gating, 
risering and chilling technique is developed the percentage 
of pressure-tight castings will be poor. After the proper tech- 
nique has been established very little trouble is encountered 
to meet and maintain a high level of sound castings. The 
molding technique should have sufficient latitude so as to pro- 
duce casting conditions which are insensitive to changes in 
melt quality. It might be considered the foundrymen’s “safety 
factor” to the production of pressure-tight castings. 

For many years bronze foundrymen have been stressing the 
importance of melting. The reason for this is probably be- 
cause there has been relatively little work published to prove 
that such factors as design, effective chilling, proper feeding, 
etc. are more essential to the production of pressure-tight cast- 
ings than melting. Melting by this time shouid be a relatively 
standard procedure for most alloys. The discussor’s paper in 
this volume, giving valuable basic information, has rightly 
stressed the importance of the proper application of chills 
to improve the pressure tightness of Gun Metal. This practice 
should be extended to other types of bronze alloys. The appli- 
cation of the wedge chills shown in the paper may not always 
be practical, but the basic premise, that some form of chilling 
(regardless of shape, etc.) is necessary to densify the metal, 
is important. 

Chills need not be made of cast iron or steel. We have 
made effective use of graphite. The chilling eflect of graphite 
is not quite as good as steel or cast iron but for certain 
applications is adequate and more practical to use. 

To illustrate this point, Fig. A shows an intricate compressor 
cylinder casting (Navy “M” Bronze) which could not be 
consistently made pressure tight without the aid of chills at 
critical sections. The bore of the cylinder must be pressure 
tight at 5250 psi and the jacket at approximately 225 psi. The 
bore wali metal is densified by chilling from both sides. On 
the inside a solid graphite core, machined from an electrode, 
is employed. The graphite is coated with oilless core wash 
and dried to protect against blows. The outside wall of the bore 
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is chilled by utilizing cast iron chills (4 in. x \% in. x 3 in. 
placed about 4 in. apart) on the inside of the bell core. The 
bottom flange is also chilled with separate cast iron chills (1 
in. x 1 in. x 14% in.) placed approximately 14 in. apart. The 
cast iron chills are coated for protection against blows. The 
entire casting is molded in baked oil-bonded core sand except 
these cores identified in the figure as being made with zircon 
sand. This casting represents a striking example of the useful- 
ness of chilling to promote pressure tightness. 

There will probably be a great reluctance by foundrymen 
to use chills for many reasons which are obvious to you. But 
chills must be used in a great many instances to produce 
pressure tightness and he must not let his reluctance stand in 
the way of progress. The bronze foundrymen must recognize 
that future standards on bronze pressure castings will be even 
more stringent to meet because radiographic methods of in- 
spection will be specified. 

The authors’ paper should add impetus for the use of 
chills in pressure castings and if the chills are properly utilized, 
a higher standard of casting quality will result. 

H. M. Sr. JoHN (Written Discussion)* It can hardly be 
pointed out too often that the solidification characteristics of 
the red brasses and bronzes are quite different from those 
of other foundry metals. The foundryman who works with 
these alloys cannot safely accept the formulas and precepts 
which have been worked out for the gating and feeding of 
steel and other metals which have a short freezing range. The 
bronze foundryman must work out his own methods and up to 
the present it is pretty much a cut-and-try proposition with- 
out benefit of calculus. 

The authors of this paper have presented the case effectively 
and have suggested a use of chills well designed to oyercome 
the difficulties sometimes encountered. At a meeting in Chi- 
cago a year or two ago this discussor suggested the use 
of wedge-shaped chills to promote directional solidification 
and further suggested that wedge-shaped insulators might be 
used, with or without wedge-shaped chills, as an additional aid 
in feeding difficult casting sections. Whether it is to be chill 
or insulator, or both, the wedge shape is the important thing. 
in place of an insulator a wedge of exothermic material might 
be even more effective. 

Vicror PascHkis (Written Discussion)" This is a highly in- 
formative paper with a wealth of interesting material. Possibly 
the following comments made from a heat transfer viewpoint 
may be helpful in extending the approach taken by the authors. 

1. The ineffectiveness of end chills which the authors mention 
is, thermally, the same phenomenon as that which requires 
a minimum length/diameter ratio of cylinders in order to 
avoid end effects. 

The idea to use end chills which, it would appear from the 
author’s paper, was commonly accepted in foundry practice, 
is thermally so obviously wrong that it, shows the need for 
closer cooperation between the practical foundryman and the 
heat transfer expert. 

2. In the section on “chills and feeding range,”’ the authors 
state “this (short range effect of chills) is due to the fact 
that after a solid skin has developed in the regions next to 
the chill, the continuing effect is one of cooling this solid 
surface material to lower temperatures in preference to ex- 
tending solidification deeper into the casting. It would be in- 
teresting to study the limiting condition of what might be 
called an “ideal chill.” This term is used to describe the 
condition when the surface of the casting is brought locally 
to room temperature and held there at that value. Obviously 
such conditions would show the limit expressed in thickness of 
casting which can never be exceeded with regard to progressive 
solidification. Of course such ideal chill can never be made 
but it can be approached by using cooled chills: hollow chills 
through which air or cooling water is passed. 

3. In the section on solidification curves, the authors state, “If 
the path does not permit passage of feed metal at the required 
rate, a feed metal deficiency is developed and shrinkage fol- 
lows.” Obviously the path necessary to permit passage depends 
on the pressure of the liquid material in the riser. If the riser 
is well insulated so that it freezes later, a high pressure can 
force material through passages which otherwise would not 
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be sufficient. This shows the need to introduce liquid flow 
studies in addition to thermal ones. 

4. In the same section the authors speak of relative feeding 
range and it should be understood that the feeding range is 
a function of geometry. It is necessary to exercise extreme 
care in transferring feeding range concepts from bar to other 
shapes. 

H. J. Roast (Written Discussion)“ Messrs. Johnson, Bishop, 
and Pellini are to be congratulated on their paper because 
of its fundamental as well as practical approach to the problem. 
One could wish that more detailed description had been. 
supplied to make it easier to get the full import of the 
various diagrams. To the workers, of course, the diagrams are 
self explanatory. It would be desirable that the question of rate 
of pouring be added to the investigation, as this is an important 
factor in directional solidification. There seems to be no doubt 
that the wedge chills gave a complete answer to pressure 
tightness under the conditions prevailing. However foundry 
superintendents would be intensely interested in the authors 
undertaking an investigation concerning methods to be used 
in applying the principles used for bushings and sticks to 
regular pressure castings of complicated design such as pump 
bodies. The study of one such casting of a weight not less 
than 200 Ib by the authors would undoubtedly lead to most 
helpful recommendations for those engaged in this line of 
work. Such castings being in constant use for defence purposes, 
it would seem to be fully justified that such work be 
undertaken. The writer has never been able to understand 
why in view of the evidence that has piled up during the last 
ten years, we still insist on using tin bronzes with all their 
particular limitations, when there are other alloys available 
that are not so handicapped. 


Mr. PeELLIni (Authors’ Reply to Discussors): We wish to 
thank those who have contributed discussions to this paper. 
The application of chills and insulators to actual castings 
described by Mr. St. John and Mr. Fischer particularly en- 
hance the value of the paper. 

We agree with Mr. Roast that a study of the effects of pour- 
ing rates on directional solidification would be desirable; all 
castings described in this study were poured at rates of approxi- 
mately 8 lb per second. Simple casting shapes were employed 
in this study rather than complicated pump bodies as desired 
by Mr. Roast because we were endeavoring only to evolve 
principles, and this can move easily and be accomplished 
economically with such shapes. With principles available, the 
ingenious foundry superintendent can adapt them to his par- 
ticular problem. For example, on the pump bodies, wedge 
chills cast to the shape of the contour of the pump body could 
be employed to promote directional solidification. 

We disagree with Mr. Colton when he states that metal 
melted under wet charcoal or reducing conditions will not 
have a high gas content. Simple laws of physical chemistry 
state that a relationship exists between the gas content within 
the liquid metal and in the atmosphere above it and the 
greater the percentage of reducing gas in the atmosphere above 
the melt the greater must be the concentration of such 
gases within the melt. To the best of our knowledge practical 
experience supports this contention. 

When we speak of scrap metal we refer to gates and risers 
from castings which have previously been thru the melting 
cycle. Our experiments indicate that this metal is of inferior 
quality, as stated. For example, 12-in. long unchilled bars can 
be consistently made sound according to our standards with 
virgin metal charges but not with melts made of foundry 
returns. This is undoubtedly due to a build-up of gas con- 
centrations during successive remeltings. 

Our contention in the conclusions is that due to the ad- 
verse solidification characteristics of G bronze it is virtually 
impossible to make some of the more complex castings sound 
even with the best of melting practices and gating and risering 
techniques unless measures such as chills or insulators, as de- 
scribed by Mr. Fischer or Mr. St. John, are employed to 
promete strong directional solidification. 


2 Supt., Crane Co., Chicago, 
* Columbia University, New York. 
* Bronze Foundry Consultant, Ottawa, Ont., Canada. 





CALCIUM CARBIDE INJECTION 
A NEW FOUNDRY TOOL 


By 


J. M. Crockett* and H. E. Henderson** 


ABSTRACT 

A metallurgical process now in the first stages of development, 
which offers a means to produce a wide range of physical prop- 
erties of cast iron, is a treatment by injecting calcium carbide. 
The process consists of injecting finely-sized particles of calcium 
carbide into a bath of molten cast iron by means of dry nitrogen 
as a carrying gas. 

In addition to desulphurizing to a desired sulphur content, 
calcium carbide injection was found to have a great effect on 
the graphite structure and the physical properties of cast iron. 
Examples are given of various treatments on different composi- 
tions of cast iron. It is possible to upgrade certain compositions 
to spheroidal graphite cast iron with calcium carbide injected in 
combination with magnesium oxide and/or rare earth oxides. 
Operating problems of the injection equipment are discussed 
and the problems involved in continuous operation are cited. 
Data is given from both laboratory and production runs with 
various types of melting units. 
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Fig. 1—Diagram of calcium carbide feeder. 
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@ Calcium carbide has been used for many years as 
a reducing agent and a desulphurizer in basic electric 
furnace steel making. An investigation by Wood, Bar- 
rett and Holbrook! in 1940 indicated that under care- 
fully controlled conditions, calcium carbide would de- 
sulphurize gray iron efficiently. 

Because the melting point of calcium carbide is 
much higher than temperatures normally obtained in 
iron or steel-making operations, to bring about a re- 
action between the carbide and molten iron, it is 
necessary to provide a means of intimate contact of 
the finely divided carbide with the molten iron. In the 
presence of molten iron, the carbide will decompose 
quite rapidly and its effectiveness as a desulphurizing 
agent is quickly lost. Thus, the solution to the mechan- 
ical problem of bringing about the proper contact of 
solid calcium carbide and molten iron is limited to 
those methods which cause this contact to occur sub- 
stantially below the surface of the molten metal. 


Carrier-Gas Stream 


Various attempts to solve this problem and the his- 
tory of the development of equipment now in use 
have been described by Baumer and Hulme?, and by 
Henderson and Hulme.’ Injection of the solid calcium 
carbide into liquid iron using a carrier-gas stream was 
found to be the method which gave the most consistent 
results and which seemed to have the best potential 
for adapting to commercial operation. Nitrogen gas is 
usually employed as the carrier of the carbide particles. 
Carbon dioxide and argon have given equally good 
results metallurgically. Neither air nor oxygen is satis- 
factory. 

The equipment used for the calcium carbide injec- 
tion process consists of three elements: (1) A feeding 
mechanism to mix the carbide and the carrier gas in 
the proper proportions, (2) A conveying line to bring 
the carbide-gas mixture to the point of use, and (3) 
An injection tube to bring the carbide-gas mixture 
below the surface of the molten metal. 

Figure | is a line drawing of the feeding mechanism 
now in use in several foundries. This is a vibratory 
feeder in which the calcium carbide feed rate is con- 


**Research Metallurgist, Lynchburg Foundry Co., Lynchburg, 
Va. 
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trolled by means of a vibrating chute. It is equipped 
with an auxiliary hopper to permit charging while in 
operation without interrupting the flow of carbide into 
the metal. Other types of feeding mechanisms which 
have been used were based on a screw feed principle 
to control the carbide feed rate or pneumatic means 
to control the carbide rate and carbide-gas mixture. 

The feeding mechanism must permit independent 
control of gas flow and calcium carbide feed rate. In 
addition, the proportion of gas to solid should be 
maintained within limits. If too much gas is used per 
pound of carbide, a large portion of the carbide is 
carried through the bath without reacting with the 
metal. If too little gas is used, the injection tube is 
blocked and flow stops. In commercial production, the 
nitrogen gas flow is generally set between 100 to 150 
cu ft per hour for calcium carbide feed rates between 
two and six pounds per minute. 


Conveyor Determined by Conditions 

The conveying line can be copper tubing or rubber 
hose. Choice of length, diameter, and type of convey- 
ing line used depends upon the conditions in the par- 
ticular location at which calcium carbide injection 
is used. 

The tubes which are placed into the molten metal 
to convey the calcium carbide-gas mixture below the 
surface have been developed along two lines. First, 
where the injection process is used in ladles or on a 
batch basis, graphite tubes have been used (Fig. 2). 
They have the advantage of being inert to the calcium 
carbide, have high heat shock resistance, and high 
thermal conductivity. Second, where the injection 
process is used on a continuous basis and tube life 
becomes an important factor, a composite refractory 
and graphite tube, as shown in Fig. 3, has been found 
to give satisfactory performance (tube life of 214 to 4 
hours at temperatures 2800-2750 F). In this design, the 
graphite inner tube is protected by a refractory cover. 

Operating Problems. The operation of the equip- 
ment previously described under foundry operating 
conditions, presented several problems which are in- 
herent in the calcium carbide injection process. 

The slag formed by calcium carbide injection is dry 
and granular. While it separates readily from the 
molten iron, it can be removed from the surface of 
the iron only by some mechanical means, such as 
rabbling. In a continuous operation, the slag can be 
pulled off by hand (Fig. 4) or if desired a mechanical 
rabble can be used. The carbide slag can be quenched 
in water and handled with the usual slag handling 
facilities. 

The injection tube used for continuous operation 
should be made up at least 24 hours before use, air 
dried for eight hours and baked for 16 hours. Prior to 
actual use in the metal, the tubes should be preheated 
with a torch. The tube should be constructed so that 
all refractory joints are above the surface of the molten 
metal. This provides a satisfactory injection depth 
with 18-in. refractory sleeves. The depth of the tip of 
the injection tube should be kept constant; a minimum 
of 8 in. below the surface of the metal or one half the 
depth of the treating vessel. If possible the tube should 
be positioned to enable the carbide particles to be 





Fig. 2—Injection assembly ready for use. Immersed tube 
is made of graphite for intermittent use. 
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Fig. 3—Details of composite refractory and graphite in- 
jection tube for continuous operation. 


forced to the bottom of the vessel by the carrier gas 
before they start to float to the surface. 

The injection equipment (Fig. 5) must be checked 
periodically for leaks, and occasionally given a calibra- 
tion run. During operation of the injection equip- 
ment, pressure readings and settings of gas and calcium 
carbide flow should be noted in order to insure uni- 
form operation of the equipment. 

Desulphurization. Although the original objective of 
plant-scale work with calcium carbide was for desul- 
phurizing only, it has been found in the laboratory and 
confirmed in the field that carbide can be used to 
achieve several important metallurgical effects in gray 
iron. Since, however, the basic step in accomplishing 
any results with carbide is to efficiently, consistently, 
and economically desulphurize the metal, the results 





Fig. 4—Slagging the carbide bath during continuous de- 
sulphurizing operation. Water disposal of slag is used. 


obtained with carbide for desulphurization will be dis- 
cussed first. 

Calcium carbide has been used to desulphurize acid 
cupola melted iron from an average sulphur content in 
the range of 0.07-0.12 per cent to a sulphur level of 
0.009 to 0.02 per cent. This is a continuous operation 
and the carbide is injected into a bath as shown in 
Fig. 6. By controlling the rate of carbide injection, 
sulphur at the desired level may be obtained from the 
forehearth. In the continuous operation, it has been 
found that the carbide requirement for sulphur re- 
moval is the same as originally established in the labo- 
ratory: ten pounds of carbide to remove one pound of 
sulphur. The carbide requirement for desulphuriza- 
tion in the continuous process holds quite constant 
over a wide range of final sulphur analysis, from 0.08 
to 0.015 per cent. 


Table for Continuous Operation 


Figure 7 compares the amount of carbide required 
to remove sulphur and the amount of fused soda ash 
required under the continuous operating conditions 
at Lynchburg. The efficiency of carbide desulphuriza- 
tion does not diminish appreciably in the lower final 
sulphur ranges (0.05 to 0.015 per cent). Whether or not 
carbide is economically competitive to fused soda ash 
in continuously desulphurizing to a 0.08 per cent final 
sulphur must be determined in each application. How- 
ever, it has been demonstrated that carbide is an eco- 


TABLE 1—-EFFECT OF TEMPERATURE AND FEED 
RATE ON DESULPHURIZATION EFFICIENCY 
OF CALCIUM CARBIDE 








Ladle Metal Wt. Temp., Carbide Feed Final Desulph.* 
No. Pounds deg. F Rate,lb./min  § Ratio 
1500 2720 3.8 0.032 10.8 
2 1100 <2600 14.5 0.084 27.8 
3 900 2610 6.0 0.040 10.3 
4 800 2480 6.0 0.065 16.5 
5 2300 2745 3.2 0.014 9.6 
6 1000 2720 5.4 0.015 $1.2 


*Pounds of calcium carbide required to remove one pound of 
sulphur. 
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Fig. 5—Carbide feeders set up for double injection. 


nomical method to consistently control final sulphur 
content in the 0.01 to 0.035 per cent range. 

The continuous injection of calcium carbide in a 
treating basin gives the optimum condition for de- 
sulphurization, and consequently the lowest carbide 
consumption per pound of sulphur removed. In the 
course of development work in other foundries, a con- 
siderable amount of data has been obtained using 
carbide desulphurization on batch or individual ladle 
treatment. This work has brought out various factors 
which have an effect upon the desulphurizing efficiency 
of calcium carbide. Because the data were obtained 
under a wide variety of operating conditions, extreme 
conditions were encountered which made interpreta- 
tion of results difficult. However, the factors which are 
important and should be controlled are: temperature, 
carbide feed rate, lining of treating vessel, depth of im- 
mersion tube, and size of treating vessel. 


Temperature, Desulphurizing Tables 


Figures 8 and 9 show the effect of treating tem- 
perature and rate of calcium carbide injection on de- 
sulphurizing efficiency. These curves represent results 
obtained in preliminary test work, and show a range 
of practices and their effect on carbide efficiency. For 
example, Table 1 contains representative data on in- 
dividual ladles used to determine the curves of Fig. 
8 and Fig. 9. 

Ladles 1 and 2 represent the difficulty in interpret- 
ing the influence of temperature or feed rate. Obvious- 
ly under shop conditions where low temperatures are 
encountered, high feed rates must be used in order to 
have sufficient temperature remaining to pour the 
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TABLE 2—IMPROVEMENT IN PHYSICAL PROPERTIES OF SOME PRODUCTION IRONS BY INJECTION OF CALCIUM CARBIDE 


Chemical Analysis 





Physical Properties 








Lab. No. Si S P Mn TC Mo Cr Cu Trans. Def. Tensile BHN 
Lil 2.69 .058 .035 1.01 3.03 0.70 eka 1.32 3686 -360 54,850 285 
Lennd 2.41 .047 .035 1.00 3.01 0.72 moe 0.94 3843 .328 61,210 255 
~c 1.88 .081 .062 1.00 3.49 0.30 -- 1916f .212 33,030 212 
See ‘ 1.89 041 .062 0.70 3.46 0.72 swiath 2335f  .284 35,150 207 
Sested 1.67 .040 .095 0.87 3.37 0.38 is 2856 .324 42,130 217 
Meda 1.48 .038 .073 0.76 3.46 0.37 teat 2944 .328 45,620 223 
iieated 1.54 .052 .092 1.11 3.67 0.30* 0.25* 0.30* 2318 .248 34,250 207 
tented 1.78 .032 .106 1.17 3.56 0.30* 0.25* 0.30* 2620 .272 44'120 187 
ested : 1.65 .078 -110 0.65 3.54 0.27 0.24 0.33 2655 .328 36,160 207 
coed 1.71 .041 .104 0.67 3.55 0.25 0.23 0.29 2829 .320 43,800 228 
*Estimated 

f—Flawed bar 


Physical properties were measured in accordance with ASTM A-48-48 Specification on a 1.2-in. dia. test bar “B”. 





























Fig. 6—Treating basin for continuous injection of calcium 
carbide. Injection rate controls sulphur content. 


metal. This is the extreme condition. Ladles 3 and 4 
are better indications of possible temperature effects. 
Ladles 5 and 6 are included, since in many cases metal 
was deliberately overtreated insofar as sulphur removal 
was concerned. Because of analytical limitations, any 
desulphurization ratios calculated on final sulphur of 
less than 0.02 per cent may be high. 


Effect of Ladle Lining 


The influence of the ladle lining on straight desul- 
phurization is not as important as might be expected. 
The slag resulting from calcium carbide injection is 
dry and does not react appreciably with acid ladle 
refractories. The data indicate somewhat more con- 
sistent results using basic-lined ladles than those with 
an acid lining, but, in general, more care was given 
to basic-lined ladles in most tests and they were cleaner 
and free of cupola slag contamination. 

The immersion depth of the injection tube must be 
kept constant in order to obtain consistent desulphuri- 
zation. The tube depth should be maintained at least 
one half the depth of metal for consistent results. 

While curves No. 8 and 9 indicate that a wide varia- 
tion in desulphurization efficiency may be encountered 
in preliminary investigations of the process, they do 
indicate that the optimum results with desulphuriza- 
tion in ladles or on a batch basis will be obtained with 
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Fig. 7—Typical desulphurization results (continuous oper- 
ation) using calcium carbide and fused soda ash. 


metal temperatures over 2600 F and carbide feed rates 
of less than five to six pounds per minute. 

Desulphurizing to Less than 0.02 Per Cent Sulphur. To 
reduce sulphur content to less than 0.02 per cent in an 
iron melted in an acid cupola* is difficult with any of 
the commonly used desulphurizing agents. It is possible 
with magnesium or cerium alloys but they are expen- 
sive and more difficult to control. With a calcium car- 
bide injection, sulphur under 0.02 per cent may be 
obtained economically and with little difficulty. Acid 
cupola iron desulphurized to such an extent with calci- 
um carbide, shows much less chilling tendency than 
regular iron of the same composition. This treated iron 
will have a lower chill depth and Brinell hardness 
number for the same or greater tensile strength, as 
shown in Table 2. 

The properties of the irons shown in Table 2 are 
representative of irons regularly in production. It may 
be seen that there is an improvement in physical prop- 





CaO + MgO 


———_. = 0.25 to 0.45 
SiO, » Alo, “é 


*Acid Cupola Slag: 





TTT. 


} 


ee 


| | TT 





| 
| 


N 
° 


5 


PTTTTIT 





¥ 


LBS. OF CALCIUM CARBIDE PER LB. OF SULPHUR REMOVED 


We 


| 


8 gE es oa Oe Ae os Fa a eS 


2400 2500 2800 2700 2800 2900 
TEMP °F 


Fig. 8—Change in desulphurizing efficiency with metal 
temperature. Data are shown in Table 1. 








erties by the injection of calcium carbide. The im- 
provement in tensile strength is in the range of 12 
per cent in the higher strength irons to 38 per cent 
for those with 30,000 psi tensile strength. 


Less Chilling Reduces Cost 


There is the added possibility of substituting lower 
priced alloy combinations for the more expensive alloy 
additions because of this reduction in chilling tend- 
ency. For example, for an iron requiring 40,000 psi 
minimum tensile strength in the total carbon range 
of 3.35-3.45 per cent, an alloy addition of one per cent 
ferromolybdenum plus 0.8 per cent copper, or 0.50 
per cent ferromolybdenum plus 0.50 per cent ferro- 
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chromiu.n plus 0.3 per cent ferrovanadium is required 
to obtain this minimum tensile. In the case of the cal- 
cium carbide treated iron using one per cent calcium 
carbide and one per cent ferrochromium, the tensile 
strength is well above 40,000 psi and the cost of this 
alloy addition is only 30 per cent of the cost of the 
regular alloy addition. That this treated iron is equal 
in all respects to regular alloyed iron will have to be 
ascertained by further tests, but the structure and phys- 
ical properties indicate that it is as good if not better. 

Desulphurizing as a Base for Nodular Iron. The in- 
jection of calcium carbide, or carbide mixtures, into 
the base iron used for producing spheroidal graphite 
iron has three definite advantages. The first is a reduc- 
tion in magnesium and/or cerium alloy due to removal 
of sulphur and promotion of the formation of spheroi- 
dal graphite with a lower residual magnesium. The 
second advantage is that the calcium carbide treatment 
reduces the tendency to form cementite in the as-cast 
spheroidal iron. The third benefit of carbide treat- 
ment is better control of the fina! product due to a 
minimum of variation in base sulphur analysis and 
residual magnesium. 

For example, early work conducted with an iron 
melted in an induction furnace, shown in Table 3, 
shows that a reduction in the spheroidizing alloy addi- 
tion of 30 per cent is possible when calcium carbide 
is injected prior to the alloy treatment. The spheroid- 
izing alloy addition may be reduced 60 per cent if a 
prior injection of carbide and magnesium oxide is used. 

Table 4 provides data from more recent experiences 
in the use of calcium carbide injection in the produc- 
tion of spheroidal graphite cast irons from a production 
electric furnace and an acid cupola. From the electric 
furnace heats it may be seen that very low additions 
(0.5 and 1.0 per cent of magnesium alloy) were sufh- 
cient to produce satisfactory spheroidal graphite cast 
iron following the injection of calcium carbide and 
magnesium oxide. The data from acid cupola melted 
iron show that a reduction in alloy of 20 per cent 
could be readily made when calcium carbide alone 
was used. This amount of alloy reduction was achieved 
by lowering the base sulphur to 0.04 per cent with cal- 
cium carbide. When improvements are completed in 


TABLE 3—PHYSICAL PROPERTIES OF BASIC INDUCTION MELTED IRON TREATED 
WITH CALCIUM CARBIDE AND MAGNESIUM ALLOY 











Treatment, Ib. /ton Chemical Analysis Tens. Str., Elong., % 
Heat No. CaC, MgO _ NiMg* FeSi TC Si Mn ) P Mg psi BHN in 2 in. 
381-3 Ey kd e; 30 3.89 3.44 .220 .014 038 <.001 12,500 87 0 
381-2 Ms aa 28 18 3.57 3.28 .178 .009 011 .048 67,000 170 11 
381-4 30 e 20 20 3.54 3.57 207 <.005 .040 .038 73,200 187 8 
383-1 ete ae ati 30 4.08 3.62 .224 .012 .043 <.001 16,200 92 0 
383-2 ih te 28 18 3.53 3.32 225 <.005 .043 .055 71,150 167 11 
383-4 30 5 10 26 3.37 3.58 222 <.005 044 .029 65,000 174 7 
386-1 & x 30 3.96 3.54 195 .017 054 <,.001 14,600 87 0 
386-2 3 si 28 18 3.67 3.09 199 .008 .042 .037 64,750 163 9 
386-4 15 5 10 26 4.03 3.36 195 <.005 .046 .026 62,700 167 6 
390-1 yy ‘ss iA 30 3.91 3.32 .196 .018 .046 ways! 14,300 90 0 
390-2 <a = 28 18 3.58 3.09 .192 .009 .045 .040 68,900 174 10 
390-4 30 ig 20 20 3.44 3.02 191 = =<,005 .044 .053 68,900 163 13 
391-1 un it po 30 3.90 3.18 .198 O11 .044 dee 15,070 95 0 
391-2 ici 2 28 18 3.32 3.16 .199 .006 .043 .081 72,100 174 11 
391-4 30 a 20 20 3.49 3.21 197 <.005 .040 .065 70,150 179 7 


* #2 NiMgSi Alloy 
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TABLE 4—PHYSICAL PROPERTIES OF ELECTRIC FURNACE AND CUPOLA MELTED IRON 


TREATED WITH CALCIUM CARBIDE AND MAGNESIUM ALLOY 
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Ladle _ Treatment, per cent Chemical Analysis Physical Properties Melting 
No. CaC, MgO Misch NiMg _ FeSi Si S P Mn TC Tensile _ Elong. BHN Unit 
3-9-1-1 Gri ae) e vate 1.24 0.04 0.033 0.30 we | aalewars pag i.) ae 
3-9-1-3. 0.64 0.21 ata 1.5 1.95 002 0.037 0.29 3.54 20,000 1.0 129 ae 
3-9-1-6¢ 0.64 0.21 es** %35 2.17 0.01 0.035 0.30 3.50 76,500 9.0 _ = 2 
DEE ween, Seka a= “bid 0.87 0.045 0.041 0.21 ee eee satis sian dh 
5-21-6-3 1.28 0.22 1.0* 1.6 2.60 0.01 0.038 0.21 3.71 72,000 17.0 177 . - 
L-19-1 rt ts Aye ea a 1.5 2.58 0.052 0.13 0.43 3.67 eee 143. Cupola 
L-19-3 1.3 O65*** G5 1.25 2.15 0.012 0.14 0.44 3.67 88,600 1.0 255 ™ 
L-20-1 oe Bh is 13 2.15 0.052 0.09 0.39 3.72 J. =e 140 ‘4 
L-20-3 1.5 O.36*°* Of 1.25 2.46 0.011 0.10 0.40 3.68 103,600 2.5 262 > 
1759 Satie 0.06 2.5 13 2.49 0.020 0.072 0.35 3.48 113,250 4.5 228 » 
1764 1.0 0.06 2.0 1.5 2.19 0.020 0.072 0.35 3.48 113,400 5.5 212 
1737 was 0.06 25 1.5 2.67 0.016 0.042 0.42 3.60 105,975 2.5 255 mt 
1741 1.0 0.06 2.0 1.5 2.40 0.018 0.042 0.41 3.57 104,450 6.0 228 . 
1658 0.06 2.5 1.5 2.82 0.022 0.067 0.32 3.53 97,550 2.0 269 is 
1662 0.06 2.5 1.5 2.67 0.022 0.067 0.32 3.52 115,800 $$ 286 43 
1668 sam 0.06 2.5 1.5 2.65 0.020 0.067 0.32 3.46 108,950 4.5 248 " 
1727 1.0 0.06 2.5 LS 2.13 0.022 0.065 0.31 3.50 83,825 11.0 196 - 
1731 1.0 0.06 y Be 1.5 2.10 0.028 0.065 0.31 3.56 97,825 8.5 202 9 
1734 1.0 0.06 2.5 1.5 2.57. 0.026 0.065 0.31 3.45 86,125 12.0 187 i 
Physical properties are for a 1-in. keel block 
*MgCe alloy 
**CuSiMg alloy 
***Rare earth oxides 
tResidual magnesium is 0.015 per cent 
TABLE 5—PHYSICAL PROPERTIES OF SPHERIODAL GRAPHITE IRON MADE BY 
INJECTION OF CALCIUM CARBIDE—NICKEL MAGNESIUM MIXTURE 
Ladle Treatment, per cent Chemical Analysis Physical Properties Melting 
No. CaC, NMA MgO FeSi Si $s P Mn TC Mg Tensile Elong. BHN Unit 
Base 
384-1 ott 1.5 3.11 .013 .061 .20 3.89 <.001 14,700 aa Soi A 
384-2 wide 1.4 0.9 3.16 .010 .050 .20 3.40 .050 72,400 11.0 170 A 
384-3 1.5 1.0 1.0 3.21 <.005 .055 19 3.49 .037 72,400 11.0 170 A 
385-2 oy 1.4 ad 0.9 3.17 .006 .047 21 3.38 .054 72,650 12.0 174 A 
385-3 1S 0.5 .25 1.3 3.23. <.005 .052 -20 3.27 .018 61,800 6.0 170 A 
L-56-2 1.0 0.5 ee 123 629 .006 .086 40 3.82 .051 78,500 4.0 207 B 
L-67-2. 1.78 0.5 06° 123 225 .010 -60 50 3.45 oe 83,100 269 Cc 
A—Laboratory Induction : CaO* MgO 
8—Basic Cupola Basic Cupola Slag: SiO,°Al,O; < 
C—Neutral Cupola Neutral Cupola Slag: ° 0.85 to 1.0 


*— Mischmetal 





the production facilities for injecting calcium carbide, 
base sulphur levels of 0.01 to 0.02 per cent will result 
in a further reduction in alloy. 

An examination of the last six ladles listed in Table 
4 shows the lower Brinell hardness and higher elonga- 
tions of the calcium carbide treated irons. 

This is an indication that calcium carbide treatment 
reduces the tendency to form cementite in the as-cast 
structure of spheroidal graphite cast irons. 

A magnesium-bearing alloy may be added in the 
usual manner or can be injected into the molten metal 
with calcium carbide. Table 5 shows results of both 
laboratory and plant scale heats in which the mag- 
nesium alloy was injected. Although the technique of 
injecting metallics into iron is slightly different from 
mjecting non-metallics, the same equipment can be 
used. Changes in injection tube diameter and feed rates 
are necessary to inject metallics without plugging the 
injection tube. 

Upgrading Physicals Forming Spheroidal Graphite. 
By treating a base iron of proper composition with 


varying amounts of calcium carbide or mixtures of 
calcium carbide and other materials, it is possible 
to produce irons with different tensile strengths. In 
general, the base iron composition should have a min- 
imum of 3.5 per cent C, 2.0 per cent Si, and a maximum 
of 0.50 per cent Mn. The sulphur, before the injection 
treatment to upgrade physical properties, should be in 
the range of 0.02 to 0.03 per cent. 

Such a base iron composition can be secured by melt- 
ing a selected charge in an acid cupola and desulphur- 
izing with calcium carbide, by melting in the basic cu- 
pola, or by melting in electric furnaces. Table 6 shows 
results obtained in treating base irons from these var- 
ious sources with carbide and/or other materials. 


Injection and Tensile Strength 
Irons with properties of 40,000, 50,000, 60,000, 70,000 
and 80,000 psi tensile strength can be produced by 
selecting the proper injection treatment. The treat- 
ment selected will depend upon the final properties 
required in the metal. For example, if an increase in 
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Fig. 9—Effect of calcium carbide feed rate on desulphur- 
ization efficiency. See Table 1. 


tensile strength without increasing hardness appre- 
ciably is desired, a mixture of carbide and magnesium 
oxide can be injected and followed by a late ferro- 
silicon addition. An example of this is Ladle No. 383-3, 
Table 6. If, however, measurable elongation or reduc- 
tion of area is required, rare earth oxide can be injected 
with carbide and/or magnesium oxide (Ladle No. 
437-3, Table 6). By varying the rare earth oxide addi- 
tion, the elongation can also be changed. 


Controlled Factors 


When injecting mixtures of calcium carbide, mag- 
nesium oxide and/or rare earth oxides to obtain im- 
provement in properties, two factors must be controlled. 
The first is the sulphur level before injection and the 
second is the temperature. If the initial sulphur is in 
the range of 0.04 to 0.12 per cent, calcium carbide can 
be used to desulphurize and the calcium carbide in 
combination with the other materials can then be in- 
jected as a second stage treatment. When upgrading 
physical properties by injecting carbide or carbide with 
magnesium oxide or rare earth oxides, the temperature 
of the metal should be at least 2650 F at the start of the 
injection. In addition, for most consistent results, the 
ladle or forehearth used for the upgrading treatment 
should be lined with basic refractory. An example of 
such results is shown in Fig. 10, which illustrates how 
additions of magnesium oxide or rare earth oxides can 
be used. Irons of different composition would show 
similar changes in relation of properties. 

Figures 11, 12 and 13 show the various stages of up- 
grading physical properties for different treatments. 
The structure of calcium carbide, or calcium carbide- 
magnesium oxide treated irons exhibit typical flake 
graphite structure in the lower degree of upgrading. 


CALCIUM CARBIDE INJECTION 
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Fig. 10—Effect of amount of carbide injected on tensile 
strength and hardness of several irons. Curve A is an in- 
duction furnace iron (TC 4.00, Si 2.00, Mn 0.20, S 0.02, 
P 0.045) treated with CaC, plus 0.25 per cent MgO. 
B is a neutral cupola iron (TC 3.60, Si 1.60, Mn 0.50, 
S 0.08, P 0.45) treated with CaC.. C is neutral cupola 
iron treated with CaC, and 0.25 per cent MgO. D is same 
as C but treatment included 0.05 per cent rare earth oxide. 
A 1.5 per cent late addition of ferrosilicon was made in 
all cases. 


As the amount of upgrading increases, due to the use 
of more treating agent or an increased amount of in- 
oculant, the graphite flakes become shorter and more 
compact, as shown in Fig. 11. The flakes then begin 
to curl and some spheroids appear (Fig. 12). The ulti- 
mate in upgrading is an iron containing graphite essen- 
tially in the spheroidal form as illustrated in Fig. 13. 
In addition, Fig. 11, 12 and 13 compare results obtained 
under laboratory conditions with results obtained un- 
der plant operating conditions. Correlation of results 
of this type of upgrading with different melting units 
has been very good. 

The importance of the late ferrosilicon addition to 
the upgrading of carbide treated irons is shown in 
Table 7. Marked increases in physical properties are 
obtained by additions of two per cent or more of ferro- 
silicon after treatment with either calcium carbide or 
calcium carbide and magnesium oxide. 

Another modification possible in upgrading with 
calcium carbide injection is to cast the carbide treated 
iron on a chill to produce a white iron and then an- 
neal. Table 8 shows results obtained with various treat- 
ing agents and Fig. 14 shows the heat-treated properties 
compared with properties obtained in a 1-in. keel 
block as-cast. 


Chilled Casting in Graphite 


The properties shown in Table 8 were obtained by 
heat treating a bar 5% in. square and 8 in. long, cast 
in a graphite mold to obtain a chilled casting. The 
result was a white iron bar which was subsequently 
heat treated and tested. The heat treatment consisted 
of heating the bar to 1700 F and maintaining this tem- 
perature for one and one-half hours, cooling to 1500 F 
and holding for one and one-quarter hours, cooling 
to 1300 F at rate of 100 F per hour, holding for one 
and one-half hours at 1300 F, cooling to 1000 F and 
holding for one hour, and finally cooling to room tem- 
perature. 
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BASIC CUPOLA IRON 
Treated: 

10% CaCe 

15% FeSi 


37,400 psi Tensile 
ose Elongation 







Fig. 11 (above); 12 (right above); and 13 (lower right )}— 
Effects of injection treatments (calcium carbide and 
others) on microstructure and mechanical properties. 


These results were confirmed in the plant by pro- 
ducing spheroidal graphite pipe by the deLavaud 
process using carbide in combination with either mag- 
nesium oxide, rare earth oxides or nickel magnesium 
alloy. 


Summary and Conclusions 


One primary effect of calcium carbide treatment is 
a reduction in sulphur, which may be reduced to any 
level desired. It must be realized that an addition of 
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TABLE 6—IMPROVEMENT IN PHYSICAL PROPERTIES OBTAINED BY INJECTION OF 
CALCIUM CARBIDE, CALCIUM CARBIDE-MgO, CALCIUM CARBIDE-REO 
AND CALCIUM CARBIDE-MgO-REO MIXTURES 
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Ladle Treatment, per cent Chemical Analysis Physical Properties Melting 
No. CaC, MgO REO _ FeSi Si S P Mn TC Mg Tensile Elong. BHN Unit 

L-52 Base yak es ies ae 1.00 .028 .062 .40 3.75 27,000... 163 A 
L-52-2 1.0 1S 1.93 011 .100 -36 3.77 ee 37,400 0.5 179 A 
Base 381-1... 1.8 3.44 .014 .038 an 3.89 <.001 12,500 87 B 
381-3 1.5 1.5 3.49 <.005 .040 .20 3.92 <.001 41,900 167 B 
Base L-23-1 ei 1.5 2.95 .063 .50 46 3.54 oes 28,280 179 Cc 
L-23-3 1.56 a 1.5 3.22 .012 .50 46 3.54 35,600f 196 G 
L-32-4 0.75 .25 1.5 2.91 .005 .50 43 3.55 oe 32,160 ... 196 ¢ 
386-3 0.75 Be 1.5 3.36 <.005 .053 19 3.72 006 54,400 2.0 149 B 
L-34-4 1.00 25 1.5 2.79 014 .50 43 3.33 ay 40,400... 207 Cc 
L-55-2 1.00 25 1.5 1.96 .008 i .37 3.77 <.010 76,100 5.0 196 A 
L-38-4 1.50 25 1.5 2.51 .006 -40 44 3.69 eae 68,700 248 Cc 
383-3 1.5 .25 co 1.5 3.48 <.005 .046 an 3.65 .008 56,000... 170 B 
L-54-2 1.0 bac .05 LS 1.92 .005 .09 .40 3.73 ite! Cae 22 196 A 
L-19-2 1.30 ait .05 4 2.02 .030 12 49 3.67 36,500 1.0 170 E 
4-13-43 1.8 gate 18 1.5 1.83 01 .038 .30 3.77 47,500 5.5 139 D 
3-17-34 3.3 od 14 2.0 2.15 01 .037 31 3.63 icaee 55,000 5.8 149 D 
437-3 0.75 25 .05 1.5 3.27. <.005 .053 .20 3.59 001 64,750 6.0 167 B 
443-2 0.75 25 .05 1.5 3.25  <.005 .042 21 3.66 .002 64,000 6.0 163 B 
L-42-4 0.75 .25 2a* 32 3.97 .004 54 41 3.29 a 8£« 228 Cc 
BD-2 0.75 2S 62° WS 2.06 012 .108 52 3.96 57,400 1.5 187 E 
L-39-4 1.00 25 OS" AS 2.59 .009 A9 .40 3.60 40,000f 228 3 
L-46-4 1.00 25 037 AS 2.91 .012 .40 44 3.30 wes 48,200... 217 Cc 
53-813 1.30 44 .022 1.5¢ 2.66 .021 3.80 X 51,500 6.0 156 F 
58-808 1.35 45 .09 1.5 2.70 .018 3.80 X 53,600 5.5 153 F 
53-811 1.58 .53 .05 1.5¢ 2.65 .032 pre rah 3.83 X 51,900 7.5 146 F 
L-43-4 1.50 25 05 3.0 3.54 .004 46 43 3.42 a 269 © 
L-68-3 1.78 25 16% 8 1.5 2.29 .010 .60 .50 3.48 77,600 1.0 255 Cc 

f—Flawed bar *—T-compound t—Mischmetal t—85% FeSi A—Basic cupola D—Electric furnace 


X—Mg not detected by wet method 
#—0.05% REO + 1.5% FeSi containing 3.7% Ce 


B—Laboratory induction 
C—Nevtral cupola 


E—Acid cupola 


F —700-Ib. induction 
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TABLE 7—EFFECT OF VARYING LATE FERROSILICON ADDITION ON UPGRADED 
PROPERTIES OF BASIC INDUCTION MELTED-CARBIDE TREATED IRON 
Treatment, Ib./ton Chemical Analysis Tens. Str., Elong., % 
Heat No. CaC, MgO FeSi TC Si Mn S P Mg psi BHN in 2 in. 
435-1 10 4.10 1.73 .227 .014 5 3.5.4 12,780 90 
435-2 20 4.00 2.18 sas .014 a 11,620 87 
435-3 44 '¥ 40 3.87 3.07 .223 015 ae 12,930 85 
435-4 15 5 10 4.11 1.73 224 <.005 .028 .004 28,900 125 
435-5 15 5 20 4.01 2.34 218 <.005 .028 .0036 45,000 143 
435-6 15 5 40 3.58 3.02 219 <.005 .030 .0036 56,900 169 
436-1 : 10 3.83 2.45 199 015 ee ae 15,750 98 
436-2 20 3.71 2.93 .199 .014 / ae 15,300 95 
436-3 ts the 40 3.61 3.69 -200 .014 ee 12,250 98 
436-4 15 5 10 3.83 2.48 198 <.005 .041 .0046 24,900 111 
436-5 15 5 20 3.77 2.90 196 <.005 .040 .0046 43,300 156 
436-6 15 5 40 3.51 3.77 195 <.005 .039 .0032 65,000 179 
471-1 18 3.09 1.84 55 .064 ee 43,400 199 
471-4 e 80 2.87 4.75 53 .059 Se 16,650 110 
471-6 30 40 3.21 2.98 ao <.005 ae 52,700 187 
471-7 30 60 3.16 3.90 53 <.005 kara 55,600 192 
471-8 30 80 3.07 4.82 52 <.005 alae a 69,200 220 
473-4 a 60 3.82 4.62 .24 eee gee 19,600 107 
473-6 15 20 3.87 2.99 .20 Re geet 5 eae 33,800 114 ia 
473-7 15 40 3.68 4,21 .23 RAPS eer 72,600 170 11.5 
473-8 15 60 3.90 4.96 .23 Pea 92,600 217 6.0 
TABLE 8—EFFECT OF ANNEALING ON PROPERTIES OF CARBIDE TREATED IRONS 
Treatment, Ib./ton Mg Heat Tens. Str., Elong., % 
Heat No. CaC, MgO NiMg* REO FeSi Analysis Treatment psi BHN in 2 in. 
376-2 30 10 not treated 30,100 128 - 
376-2 30 10 treated 56,800 149 7 
380-2 60 10 not treated 39,350 129 2 
380-2 60 10 stides treated 62,200 149 10 
381-3 30 30 <.001 not treated 41,900 167 2 
381-3 30 a 30 <.001 treated 73,400 178 21 
436-4 15 5 10 .0042 not treated 24,900 111 eee 
436-4 15 5 10 .0042 treated 55,900 129 6 
394-3 15 10 30 not treated 47,250 146 eta 
394-3 15 10 ee 30 eats treated 74,000 159 17 
383-4 30 $ 10 26 .029 not treated 65,000 174 7 
383-4 30 5 10 26 .029 treated 78,800 171 10 
393-4 30 20 20 .051 not treated 65,000 170 6 
393-4 30 bis 20 Pa 20 .051 treated 74,850 159 19 
443-2 15 5 1 30 .002 not treated 64,000 163 6 
443-2 15 5 1 30 .002 treated 73,000 159 11 
* 2 NiMg alloy 
Ye iE oe. ae cold calcium carbide and nitrogen will lower the tem- 
* AN: LABORATORY INDUCTION IRON 5 ot Bs perature of the molten metal, so that a sufficiently high 
¥ . mar CeCe fens 74 ; temperature is necessary in order that a satisfactory 
i “e oe” ~4 pouring temperature may be obtained after treatment. 
'& yt 15S Four-Way Division 
> The process may be divided into four fields as follows: 
ha bong 1. Desulphurizing from 0.10-0.20 per cent sulphur to 
yes men? LADLE NO. 394-3 ». ‘ “@° 0.07-0.08 per cent sulphur—In this range of conven- 
f vA f- “duroos'y Ree eon tional desulphurization, calcium carbide injection of- 
4 % me Q78% Coe Ss: @ “ fers a means of control within narrow limits and sav- 
- a 1.5% Fesi ° a* “ ings in refractory cost. Under normal conditions, ten 
4 : 7280 pu Tre ~ 4 » Ry, pounds of calcium carbide injected will remove one 
] eo. @isg enn 199 BHA *,” @ pound of sulphur. 
= Ws 2. Desulphurizing from 0.10-0.20 per cent sulphur 


250 X Nital Etched *. Be 


Be 


Fig. 14—Comparison of treated irons cast in 1-in. keel 

blocks (left) and cast as 5-in. chilled specimens sub- 

sequently given a short-cycle anneal. See Table 8 for 
results obtained with various treating agents. 


to less than 0.02 per cent sulphur—Calcium carbide in- 
jection makes possible reduction of sulphur to lower 
levels than conventional desulphurizing agents and 
permits use of more economical alloy additions for 
high strength cast irons because of the reduction ip 
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chill accompanying calcium carbide treatment of cast 
iron. An example of this would be the substitution of 
ferrochrome for the more expensive ferromolybdenum 
or ferrovanadium in the manufacture of a class 40 or 
class 45 cast iron. 

3. Desulphurizing to less than 0.02 per cent suphur as 
a base metal for conversion to spheroidal graphite cast 
iron—By using a base iron of very low sulphur there is 
a savings in spheroidizing alloy since it is not con- 
sumed in removing the sulphur. There is evidence that 
less residual magnesium is required to obtain satis- 
factory spheroidal graphite cast iron from iron pre- 
viously treated with calcium carbide mixtures. There 
is a reduction in carbide forming tendency of spheroi- 
dal graphite cast iron made from iron treated with 
calcium carbide. 

4. To upgrade physical properties and spheroidize 
by injecting calcium carbide or a mixture of calcium 
carbide and other spheroidizing impelling agents—It is 
possible under some conditions to upgrade irons of 
low tensile strength to tensile strengths as high as 
92,000 psi having fully spheroidized graphite by in- 
jecting calcium carbide and rare earth oxides. It is also 
possible to manufacture irons of 40,000, 50,000, 60,000, 
70,000 and 80,000 psi tensile strength containing dif- 
ferent percentages of spheroidized graphite by varia- 
tions in the spheroidizing impelling agents. These 
agents consist of calcium carbide, magnesium oxide, 
rare earth oxides, magnesium alloys, etc. 
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DISCUSSION 


Chairman: H. W. Lownir, JRr., Battelle Memorial Institute, 
Columbus, Ohio. 

Co-Chairman and Secretary: C. K. Donono, American Cast 
Iron Pipe Co., Birmingham, Ala. 

S. L. GertsMAN:' Do you have any trouble with the tube 
plugging up? What precautions are required to avoid this? 

Mr. Crocketr: There has been some occasional trouble with 
the tube plugging up, but that problem has been solved in 
four years of intensive research. 

Mr. GERTSMAN: What is the loss in temperature of the metal 
during a normal batch-type injection? 

Mr. Crockett: The only loss is that of increased holding 
time. There is a slight exothermic effect which partially off- 
sets the normal temperature loss. 

Mr. GERTSMAN: Do you change lance diameter when you 
treat larger amounts of metal? 

Mr. Crockett: Lance diameter is not critical, but it is varied 
sometimes. 

A. AvepisiAN:* Can calcium carbide be injected effectively in 
a shallow well? 

Mr. GERTSMAN: No. A reasonable depth of 8 to 12 in. is 
needed to get sufficient time of contact. 

R. A. FLinn:* Calcium carbide injection is an important 
metallurgical tool. Metal desulfurized with calcium carbide 
is much less susceptible to carbide formation when excess 
magnesium is added to form nodular iron. 





' Head, Heat Treatment and Foundry Section, Canadian Dept. of Mines, 
Ottawa, Ont., Canada. 

2 Metallurgist, The Taylor & Fenn Co., Windsor, Conn 

® Professor, University of Michigan, Ann Arbor, Mich. 








ESTABLISHING STANDARDS 
FOR AS-CAST SURFACES 








By 
Roy A. Loder* 

@ Use of the word finish in this paper refers ex- desired. When it comes to describing finish, the found- 
clusively to as-cast or rough casting surfaces. ryman faces a problem as this element is probably 

One of the problems in a jobbing foundry is the more suscéptible to erroneous or “convenient” memory 
successful duplication of the methods used to produce than any other factor connected with making a job 
good castings each time a job is run. Jobbing foundries or judging the quality of the casting. 
often have thousands of customers’ patterns, many of 
which are run as infrequently as once a year or longer. a : . 
This poses the problem of remembering how a job Finish Production Vital 
was made previously and what standards of inspection Reproduction of an acceptable finish is a vital 
were acceptable at that time. 2 igs matter since it is this feature of a casting that is most 

Many foundries have resolved this difficulty by the apparent not only to the customer of the foundry but 
use of a job record system, the purpose of which is to also to the purchaser of the end-product containing the 
record intormation on how the job was run the last casting. Some types of castings become the most con- 
time and serve as a guide for subsequent runs. Job spicuous component of an end-product. One example 
record cards give such information as mold hardness, is hand tools sold at retail over the counter where 
type of sand, pouring temperature, and surface finish casting surface is subject to critical inspection by the 

*Chief Inspector, Erie Malleable Iron Co., Erie, Pa. consumer. Castings of this nature generally require an 


Fig. 1 (above)—Casting finish com- 
parison standards, numbers 1-4. 
Fig. 2 (below)—Coarser casting fin- 
ishes designated by numbers 5-8. 
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especially good surface finish. The question is: “How 
good a surface?” 

Many attempts have been made to measure casting 
surface finish in some way and to establish standards. 
A surface indicator with a very small point is not 
convenient for obvious reasons. A comparator is ob- 
jectionable for the same reason as the surface indicator. 
The need is for a tool for rough shop use and not for 
a laboratory instrument. Sometimes sample castings 
representative of the desired finish have been saved 
for long periods of time in order to serve for visual 
comparison with later production. This, however, 
poses problems of storage and while satisfactory for 
a few jobs, would never do for large quantities. 


Sandpaper Not Durable 


In a search for a reasonably invariable medium of 
comparison, the thought occurred that various grades 
of sandpaper might be the answer. However, sand- 
paper as such was impractical due to its lack of dur- 
ability. It was apparent that if the sandpaper surface 
could be transferred to a permanent block of some 
kind, it would have durability and be easy to handle. 
This was accomplished by casting sandpaper surfaces 
in various grades on aluminum blocks which now serve 
permanently for visual comparison with casting sur- 
faces. Blocks were arbitrarily numbered for reference. 

The mechanics of making the aluminum comparison 
blocks turned out to be simple. Eight grades of sand- 
paper were selected: 4/0, 3/0, 2/0, 0, 1/2-60 grit, 
1/240 grit, 1-40 grit, and 1-1/2-40 grit. These grades 
cover the range of finish on castings produced. Eight 
patterns 214 in. square by 4 in. thick were made and 
on one side of each was glued a grade of sandpaper cut 
to the square of the pattern. 

All eight patterns were then mounted on the cope 
side of a pattern plate and the mold was hand rammed. 
Great care was taken to ram the mold uniformly. Of 
considerable importance was the molding sand which 
was No. 00 Albany, selected due to its fine texture 
and ability to reproduce the minute detail of the pat- 
terns. The pattern was drawn without rapping or 
vibrating. Fear that some degree of back-draft under 
the grains of sand on the sandpaper might preclude 
a proper draw proved to be unwarranted. 

Aluminum was chosen for the blocks to take ad- 
vantage of its lightness and because it was felt that 
there would be a minimum of mold swell and metal 
penetration. The fluidity of the high-silicon pattern 
alloy made it possible to produce castings unusually 
true to pattern. The eight finished test blocks are 
shown as Fig. | and 2. The numbers | to 8 were 
stamped on after casting. For the purpose of conserv- 
ing the surface of the inspection blocks and faciliate 
handling in service, they were mounted in wood and 
covered with lucite as shown in Fig. 3. 


Slow Acceptance 


As is often the case with new ideas, initially the 
standard surface finish comparison blocks met with 
some skepticism. However, acceptance was not long 
in coming as the blocks provided a simple, reliable 
way of identifying the finish on a casting and facili- 
tated the permanent recording of that finish. 





Fig. 3—Casting finish standards, mounted in wood and 
protected with transparent plastic cover. 


When new jobs are sampled, an effort is made to 
produce a finish commensurate with the type and use 
of the casting and the requirements of the customer. 
This information is given to the foundry in terms 
of the Finish Number corresponding to the comparison 
block of that number. Through experience with estab- 
lished sand mixes and molding methods, the foundry 
is able to choose the proper sand and facing and ram 
the mold so as to produce the desired finish. After the 
customer has approved the sample castings and the job 
goes into production, a Job Record Card is written 
which includes the Finish Number. 

The most obvious advantage of the surface com- 
parison blocks is the elimination of guesswork and 
arguments about what the finish was when the job 
was last made. By having an established standard to 
work to, the customer is assured of a minimum of 
variation in the finish of castings he buys. The foundry 
is spared the cost of returned and scrapped castings 
and the expense of producing a finish that in some 
cases might be unnecessarily good for a particular job. 


Exceptions Overcome 


Exception might be taken to the number of blocks 
involved and the fact that there is very little difference 
in surfaces of adjacent blocks. This can be overcome 
by making finishes equivalent to alternate blocks thus 
having only four blocks and a more pronounced dif- 
ference in surface from one to the next. Obviously, if 
other standards are required, appropriate grades of 
sandpaper can be used thus giving unlimited flexibility 
of adaptation to the surface standards of any foundry. 

A word of warning should be voiced in connection 
with the preparation, casting, and mounting of the 
aluminum blocks. Having failed to make clear the 
purpose of the whole project to one of the workmen 
in the shop and in an effort to make a nice fit of the 
lucite protective covering, he disced off the critical sur- 
face entirely and ended up with a perfectly smooth 
block nicely protected but entirely useless! 








EFFECT OF PREBAKING 
IN MALLEABLIZING IRON 


By 


Floyd Brown* 


ABSTRACT 
Prebaking hard iron forms graphite nuclei. This does not re- 
quire hydrogen which, in fact, inhibits the prebaking effect. 


@ If white cast iron either is held isothermally at some 
subcritical temperature or is heated slowly through the 
subcritical range, many more graphite nodules develop 
during subsequent first stage malleablizing than de- 
velop if the white iron is heated rapidly to the first 
stage temperature without an isothermal pretreatment. 
This will be termed here the prebaking effect. There 
appears to be an optimum temperature for this pre- 
baking for maximum increase in nucleation, an opti- 
mum which Schulte! estimated to lie between 350 
and 450 C. 


Four-Fold Relationship 


It seems reasonable to suspect that this effect may 
be related somehow to four others: (A) There is a 
maximum in the rate of nucleation of graphite in 
quenched steel at about 660 C*; (B) Prequenching 
white cast iron before malleablizing increases phenom- 
enally the number of graphite nodules formed during 
first stage malleablization, but only if martensite is 
formed during the quench*; (C) No extra graphite 
nucleates during slow preheating of white iron in 
hydrogen (prior to malleablizing), although it does 
in argon (which is inert), and it does not do so in 
argon if the iron has been previously preheated slowly 
in hydrogen*; (D) There appears to be a maximum 
in the rate of graphitization of pearlite in malleable 
iron at about 700 C. 

The prebaking effect has been rationalized as one 
involving in some way the removal of hydrogen—per- 
haps leading to some sort of structural disruption sites 
which would be favored locations for nucleation of 
graphite’. The following experiment was conducted 
in order to examine the adequacy of this view. 

Specimens (1%-in. quartered slices from the barrel 
of tensile bars) of two irons whose compositions are 
shown in the table were prebaked in air for 30 minutes 


* Research Assoc. Prof. of Metallurgy, North Carolina State 
College, Raleigh, N. C. 
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at temperatures ranging from 250 C to 700 C, after 
which they were air cooled; this constituted Series 1 
Specimens constituting a second series (II) were held 
in flowing butane one hour at 700 C after which they 
were air cooled. Specimens from Series II were then 
given the same prebaking (in air for 30 minutes at 
temperatures ranging from 250 to 700) as Series I. 
Both series were heated (in separate batches to obviate 
any contamination of Series I with hydrogen from 
Series II) to 950 C in air, held 2.5 hours, and quenched. 
In all the resulting specimens, first stage graphitization 
was well under way but in no case was it complete. 
The number of nodules per unit area was counted and 
converted to the number per unit volume by raising 
to the three-halves power. The data are shown in 
the graph. 

The optimum prebaking temperature (Series I) is 
seen to be 400 C, in the middle of the range estimated 
by Schulte. Since the irons used represent a consider- 
able range in silicon content, it is reasonable to expect 
all commercial irons to show substantially the same 
optimum. It is suggested that if one were interested in 
a maximum number of nodules for maximum mal- 
leablizing rate, the annealing schedule should include 
a hold at 400 C for about one hour prior to the 
first stage. 

The hydrogen provided by the thermal decomposi- 
tion of butane in the prebaking strongly inhibited 
graphitization but not spheroidization of the smaller 
carbides®, which occurred in one hour at 700 C toa 
very much greater degree than occurred subsequently 
in 30 minutes at 550 C or lower. Thus, although sphe- 
roidization occurs during ordinary prebaking, it had 


ANALYSES OF IRONS 











Composition Iron A Iron E 
Silicon, % 1.59 0.96 
Sulphur, % 0.161 0.156 
Phosphorus, °%, 0.03 0.121 
Manganese, %/ 0.48 0.40 
Total Carbon, % 2.34 2.60 
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already proceeded so far during the 700 C soaking in 
butane that relatively little more took place during 
subsequent baking. The rate at which spheroidization 
takes place falls off continuously as the process con- 
tinues, even at the same temperature, and it falls off 
very rapidly as the temperature is decreased. 

The soaking in butane, however, left the specimens 
charged with hydrogen. (Series II was quickly trans- 
ferred after cooling from the butane soak to the first 
stage malleablizing furnace.) The butane soaked speci- 
mens gave about the same number of graphite nodules 
as the untreated, indicating that the hydrogen (to 
whose presence nucleation and growth of graphite 
during first stage malleablization is very sensitive) had 
been removed; but the process of the removal of this 
hydrogen obviously did not cause any increase in num- 
ber of nodules. 


Conclusions 


1. The prebaking effect does not require involve- 
ment of hydrogen, though hydrogen—persisting awhile 
at the lower prebaking temperatures—would move the 
bottom of the Series I curves even farther to the 
left and hence accentuate the maximum. 

2. The maximum is concluded to be caused by com- 
petition between (a) spheroidization of carbides, which 
retards the nucleation and growth of graphite, and 
(b) the carbon diffusion coefficient. Both of these in- 
crease with increasing temperature. The spheroidiza- 
tion factor predominates at high temperature, causing 
the nucleation to drop off there because of rapid sphe- 
roidization, and the diffusion factor predominates at 
low temperature, causing the nucleation to drop off 
there because of low diffusion rates. 

3. The maximum in the subcritical nucleation of 
graphite in these two irons is at about 400 C. The 
differences between this temperature and the optimum 
nucleation temperature in the graphitization of steel 
and the optimum in the graphitization of the pearlitic 
matrix in malleable iron need not be perplexing if it 
is kept in mind that the processes involved in these 
three are different. In prebaking hard iron, the process 
is one of providing a nucleus, the 
growth of which to visible size oc- 
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long been considered the most likely for graphite 
nucleation, though the evidence has been scant and 
continues to be indirect. 

5. The prequenching effect (B) undoubtedly works 
by producing many sharply rounded carbides arising 
from the tempering of the martensite, a view also long 
held. Conclusions 2 and 4 support this. 

6. Palmer’s slow preheating in hydrogen simply 
served to spheroidize the carbides under non-graphitiz- ° 
ing conditions, so that on subsequent slow heating in 
argon the spheroidized iron was too stable to show any 
subcritical nucleation. 

7. That the process which occurs during prebaking 
is truly the formation of a graphite nucleus and not 
some other reaction which later supplies a favorable 
site for graphite nucleation is supported by the fact 
that hydrogen, which inhibits all graphitizing reac- 
tions, inhibits the prebaking effect. 
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curs at a much higher temperature; 
in steel both nucleation and growth 
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to measurable size at the same tem- 


perature are involved; and in graph- 700 
itizing the pearlitic matrix in mal- 
leable iron, only the dissolution of 
pearlite and the movement of its 
carbon to the nodules already pres- 
ent is involved. The only common 
graphitizing units of these processes 
are the movement of the carbon 
out of cementite and its deposi- 
tion as graphite. 

4. Conclusion 2 is consistent 
with the view that the site of nu- 
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DISCUSSION 


Chairman: R. V. Osporne, Lakeside Malleable Castings Co., 
Racine, Wis. 

Co-Chairman and Secretary: H. C. STONE, Belle City Malleable 
Iron Co., Racine, Wis. 

E. A. Loria (Written Discussion):' Would the author state 
how the two white iron compositions that he studied were 
melted? Also whether or not both were melted in the same 
manner. This is important in view of the known effects of 
melting furnace atmosphere on casting properties and anneal- 
ability of malleable iron. Dissolved gases, which vary in amount 
with the melting operation, do influence the results. The de- 
crease in graphitization rate in malleabilizing iron with increas- 
ing nitrogen content is accompanied by a decrease in nodule 
number." ? Melting iron under carbon monoxide-carbon dioxide 
atmospheres containing free oxygen or moisture is harmful, 
with moisture being particularly harmful? 

Our own unpublished work* covers six small cupola heats 
of white iron melted under conditions to minimize oxidation 
and then duplexed into a 100-lb induction furnace, adjusting 
the composition of this portion of metal either by (a) mixing 
it with an appropriate amount of steel or (b) decarburizing 
it with a carbon dioxide atmosphere. The resultant irons were 
within the same analysis range of 2.17-2.32 per cent carbon, 
0.92-1.09 per cent silicon with direct comparison between pairs 
of irons of identical chemistry being possible for the two series. 
The results show that the series (a) heats were generally in- 
ferior to the series (b) heats in both first and second stage 
annealability, in graphite nodule characteristics and in tensile 
ductility of both as-cast and machined test bars. These results 
were obtained both for laboratory and commercial annealing. 

We would like to call the author's attention to another re- 
cent paper by Ibaragi and Okumura‘ on the influence of pre- 
heating on the graphitization of white iron. They use a di- 
latometer to investigate the graphitizing rate in three preheated 
(or prebaked) iron compositions: 


Cc Si Mn S° P 
Iron | 2.77 1.60 0.31 0.10 0.11 
Iron 2 3.03 0.99 0.42 0.09 0.09 
Iron 3 2.71 0.92 0.32 0.08 ‘aie 


They found that the temperature range of the accelerating 
effect changes according to the chemical composition. In iron 
1, graphitization was accelerated even at a temperature of 940 
F (200 C). During the preheating the cementite precipitated 
some unknown constituent which is considered to have some 
connection with the accelerating effect. Did the author observe 
any evidence of such a constituent in examining the structure 
of the two irons in just the prebaked condition? 

It is apparent that the prebaking treatment is affecting the 
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incubation period of the graphitization-time curve. This is 
the portion along which no measurable graphitization occurs 
as shown, for example, by the expansion of the iron in 4 
dilatometer. However, white irons of black heart composition 
usually give curves which have a short incubation period, as 
graphitization in this type of iron proceeds rapidly, as soon 
as or shortly after the annealing temperature is attained. The 
data in Fig. 1 show that one must pay attention to the iron 
analysis, particularly with respect to increased carbon an 
silicon, because of the greater tendency for speeding up the 
dissociation and the migration in such cases. 

No doubt the prebaking treatment is undermining the 
stability of the cementite, perhaps by producing a decarburizing 
effect and a carbon dioxide atmosphere for the iron. Has the 
author considered the effect of lengthening the prebaking time 
in his two irons? The temperature and time interval would be 
critical insofar as the longer the incubation period and _ the 
more decarburized a material becomes before graphitization 
commences, then the smaller the amount of graphitic carbon 
that would be contained in the annealed product, particular 
so in the thin section (14 in.) slices of white iron used by 
the author. 
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Mr. Brown (Reply to Mr. Loria): Mr. Loria is entirely cor- 
rect that the prebaking effect is time-dependent, a behavior 
described by the curves of Lorig and Samuels,’ on the basis of 
which our constant prebaking times were selected. Such struc- 
tural changes as occurred during prebaking were so subtle that 
they were not noted during routine metallographic study of two 
pairs of specimens. The irons were commercial but melting 
details are not available. 

Decarburization was obviously not involved in the core of the 
specimens used for the counts; assuredly no decarburization 
occurred in depth during the prebaking, and it was shallow 
in the subsequent 214-hr first stage anneal. Prebaking effects 
noted in argon rule out a mechanism involving CO, derived 
from decarburization. 

The concept of a discrete incubation time for graphite nodules 
which has crept into the literature is unnecessary. Just as in 
the nucleation of pearlite, there is no evidence that this period 
is not simply a consequence of the slow initial nucleation rate. 



























SOME VARIABLES IN ACID 


CUPOLA MELTING 


By 


Sam Carter* and Ralph Carlson* 


ABSTRACT 


An attempt has been made to correlate quantitatively the 
various effects of the several more prominent variables encoun- 
tered in acid cupola operation, in an effort to bring cupola 
performance under more scientific control. 

Variables studied are: Coke size and size distribution, coke 
quantity, air volume, and size and shape of steel scrap. 

The various effects correlated and graphed together are sulfur 
absorption, carbon pick-up, oxidation loss, slag chemistry, melt- 
ing rate, and stream temperature. 

Data were obtained from 45 experimental heats on a small 
23-in. cupola, where other variables could be controlled. Every 
attempt was made to express conclusions in proportion to 
cupola size and to make necessary allowances for small cupola 
operation. Most of the principles are verified with experiences 
on production cupolas of larger size. 


The cupola is relatively simple in construction and 
principle. It may be operated with a rather simple 
empirical technique to produce metal that fits the 
definition of cast iron. 

But to produce metal to specification levels with 
consistent output, temperature, and analysis every 
hour of the shift, and in the face of raw material 
variables, some consideration of the effects of the 
principal variables is necessary. As in many other 
foundry processes, incomplete understanding of the 
effects of these variables leaves us helpless to correct 
some of our losses due to occasional bad melting per- 
formance. 

Over the last few years several series of experi- 
mental heats melted in small cupolas have been run, 
in order to correlate the effects of several of the prin- 
cipal variables. Physical factors of most concern are 
output and temperature. The three most significant 
chemical reactions inside the cupola are sulfur ab- 
sorption, carbon pick-up, and oxidation of silicon. 
Pressure, slag condition, and gas anaylses are indica- 
tions that help account for the reactions that have 
taken place and are useful for control purposes. 

Previous papers have shown the effect of coke prop- 
erties on all phases of cupola operation.’ Slag com- 
position has been shown to influence all these re- 
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actions.” It is the purpose of this paper to present 
data on the following variables studied: 

1. Coke size and size distribution. 

. Coke quantity. 
. Air volume. 
. Size, shape, and type of steel scrap. 

Some results on small cupolas cannot be applied 
to large cupolas without considerable allowances. 
Small cupolas are more sensitive to blast condition- 
ing because of the ratio of perimeter to cross-sectional 
area. On short heats some factors hardly have time 
to show up. Every effort has been made to express 
the variables in relation to cupola size. All the con- 
clusions have been verified in principle on larger pro- 
duction cupolas. 

Results obtained generally confirm the well estab- 
lished principles of good cupola operation. 

It is believed that these additional quantitative 
data have contributed to a clearer correlation of the 
several variables. 

It is further believed that information has been 
lacking on certain factors like coke size distribution, 
shape and size of steel scrap, and relation of slag 
chemistry to other effects. 

It is hoped that the data presented here will en- 
courage consideration of these variables in future 
studies. 


So NO 


_ 


Experimental Procedure 


Dimensions of the 23-in. ID experimental cupola 
are given in Table 1, and details of operation are 
given in Table 2. Every effort was made to hold all 
variables except the one under study in close control. 

A car of good foundry coke was selected and used 
on all experimental heats. Tests on the coke are 
given in Table 3. Coke was broken and hand-picked 
or screened to the desired size range. 


Effect of Coke Size and Size Distribution 


In 1937 Bowers and MacKenzie reported on a study 
of coke size.* Ten experimental cupola heats were 
run, varying coke size from | in. to 4 in. and melting 
charges of broken pipe. The furnace was blown with 
a fan-type blower. This paper pointed out certain 
significant effects of coke size and emphasized the im- 
portance of coke size to the industry. 
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1—DIMENSIONAL 
CUPOLA 


TABLE 


DETAILS OF EXPERIMENTAL 





oe: eee 23 

Se 6. hu o, <.0 wie: a beats 33 

Cupola Area, 69 IM. .... 2... se esee 415 
Number GF “Twypeses.......cccccccece 4 

Total Tuyere Area, sq in. ......... $2 

Pere MAIO oo. ce secs ese eseees 08 (13 to 1) 
Fuyere to Bottom, in. ............., 

Tuyere to Charging Door........... 7 ft, 4 in. 
Ratio Stack /Diameter............+..- 3.85 


Weight of Metal Charges, Ib........ 100 
BU NE ct bho senreran kc dncs ics Positive displacement 





TABLE 3—PROPERTIES OF COKE 













TABLE 2—-DETAILS OF OPERATION OF 23-IN. EXPERI- 
MENTAL CUPOLA 





Bed supported on wood cone and ignited through breast with 


gas torch. 
Bed burned 2 hr with natural draft and gas torches. 
*Standard bed height adjusted to a measured............ 59 in. 
Including green coke approximately................... 10 in. 
ee ee eee Pe tee ree eres 100 Ib 
Components—Steel scrap ..........ceeeeeeeseeceees 50% 
Meer 50%, 
ER ND 350 ries eile one <cnwet Sobers desc shadowed 14 Ib 
eS Se Pere ree te rr weer re eee 5 lb 
Limestone on bed and first two splits................+-- 10 lb 
Pe ee Cee ee ere errr ee 875-900 cfm 
CHOSMAL POCMRTE TRAE... oi. sc cccccescececes 8-10 0z/sq in. 
POmehenrthh CAPACIty . 2. nccccccceccccccsivescvescceesss 300 Ib 


Length of heat 15 to 20 charges or approximately 1 hr. 


VERNER... 200 odes 0.707% | Ash Composition Temperature read with optical pyrometer standardized at 
A Hee EARN aS 2: 2.10% oe intervals with a thermocouple. 
Saline Siac a Tse es wy «6G, 53.37% RT ee eT eee eee 10 to 15 
True Specific Gravity - - 1.88% Al,O, ener 32.37% Number chemical samples per heat .................. 5to 6 
Apparent Specific Dw oseeess 1.6% One tuyere valve closed, rotated every 5 min. 

EE Sadan ec aned 0.90647, FeO, ....... 9.3% Continuous tap, front slagging , 
IE aie netesoccnanieg 480% MgO ........ 2.6% 
Shatter Test, 2-in. plus ..94.5% Fusion Temp.of Ash 2615 F * Exceptions noted in the paper when varied intentionally. 








Since variations in coke size affect resistance and 
volume output of the fan-type blower, some ques- 
tions have been raised as to how some of the con- 
clusions would apply when using a positive displace- 
ment blower or automatic volume control as used by 
many plants. A positive displacement blower was 
used on these heats with the air volume held con- 
stant. 

Since steel scrap is used in a large proportion of 
cupola charges and adds some variables, a mix with 
50 per cent steel scrap was chosen. 

Most previous work has been done with a uniform- 
ly sized coke. Little or no work has been reported on 
various coke size distributions as usually encountered 
in practice, and opinions are varied as to their effects. 
In order to study distribution, six heats were run with 
various synthetic distribution patterns. 





All heats were run with coke from the same car- 
load of large coke. This coke was broken and screened 
to the sizes indicated. Screens were square mesh with 
openings of 6 in., 4 in., 3 in., 2 in., 1 in., and & in. 

Two heats were run with coke through the 6-in. 
and on the 4-in. screen, called 5-in. coke; two heats 
3 in.-4 in.; one hand picked to 3 in; one 2 in.-3 in.; 
and 2 heats | in.-2 in. 

In addition, six heats were run with synthetic mix- 
tures consisting of combinations of two to five of the 
above size increments. 

Table 4 gives the data on the heats, and the effects 
are represented graphically on Fig. 1 through Fig. 4. 

On the first heat (No. 656 with 5-in. coke 4-6 in.), 
the standard 55-in. bed was completed by adding 
7 in. of green coke. Metal drops were observed in 
only 5 min., and the cupola “came in” very fast. 
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3 ogo |@ ! Size of Coke » 
. O2Sizes 14 Sizes . 
80 |43Sizes x 5 Sizes 7 
1 2 3 4 5 
Average Screen Size Of Coke —inches 
05 10 45 .20 
Ratio Average Coke Size To Cupola Diemeter 
TABLE 4—EFFECT OF COKE SIZE AND SIZE DISTRIBUTION 
Wt. 
Ratio Coke Time 
Avg. Coke Bed In First Pressure, Oz Temp, F Iron Analysis, Avg. Slag 
Size Size Size Heat Height,Bed,Drops, = = — : lal 20 ys eae alae Si Mn % 
Coke,Cup Diam Ranges, No. in. Ib min Start Range Avg. Avg. Max. C Si Mn S Loss Loss FeO Remarks 
in. in. 
Uniform—One-Screen Coke Foamy Slag 
5 23.8%, All4 - 6 (656) 48-55 304 5 55 5.5/106 9.3 2601 2603 2.89 1.28 0.40 0.083 29.7 46.0 — Tuyeres 
5 23.8%, All4 “- 6 (667) 47-55 347 8 55 5.5/ 9.7 8.9 2622 2650 2.85 1.59 041 0.101 126 44.6 17.8 Clogged 
31%, 166% All3 - 4 (659) 44-55 348 9 83 83/106 99 2711 2730 3.00 164 051 —— 99 310 7.5 
34%, 166% All3 - 4 (660) 41-55 330 7 83 74/ 92 8.6 2688 2730 3.00 155 049 — — 148 338 62 
3 14.3%, All214-314%4 (646) 46-55 — — — 64/120 98 2702 2787 3.09 167 044 0.107 82 33.8 6.5 
2% 11.9% All2 - 3 (657) 45-55 360 10 10.1 9.2/11.1 104 2718 2740 3.17 161 0.53 0.101 11.5 283 3.46 
1% 7.1% Alll - 2 (666) 38-55 400 15 13.4 106/134 124 2648 2670 3.01 159 052 0.120 126 29.7 7.8 Bridged 
14 7.1% Alll - 2 (658) 42-55* 372 11 134 9.7/134 10.9 2567 2603 2.93 1.61 052 0.101 11.5 29.7 7.3 Bridged 
Mixture of Coke Sizes 
(50% 4-6 
4.05 19.3% {30% 3-4 (663) 41-55 322 11 74 74/9.7 9.2 2628 2640 2.92 152 046 0.108 165 37.8 9.6 
20%, 2-3 
(30% 4-6 
3.85 18.3%, |40% 3-4 (664) 41-55 378 9 78 7.8/11.1 9.8 2697 2747 3.01 0.48 0.103 35.1 69 Bridged 
20%, 2-8 
10% 1-2 
25%, 4-6 
3.62 17.2% 150% 3-4 (661) 43-55 350 8 83 83/120 9.6 2763 2703 3.14 163 046 0.100 104 37.8 5.7 
25%, 2-3 
[20% 4-6 
3.1 14.7% }|30% 3-4 (662) 42-55 437 10 92 74/111 10.0 2702 2733 3.18 1.60 048 0.110 12.1 35.1 3.7 Bridged 
}30% 2-3 
|20%, 1-2 
(25% 4-6 
35%, 3-4 Bridged 
2.03 9.7% 425% 2-3 (665) 41-55 406 11 9.7 88/106 94 2705 2750 3.09 168 046 0.117 7.7 37.8 5.1 Badly, 
{10% 1-2 Tuyeres 
5% Yar} Dark. 
1-2 (668) 45-55 434 19 16.7 11.8/16.7 146 2543 2560 280 146 043 0.117 19.8 41.9 15.1 


112 5.3% {307 
50% VY-l 
“Bed height.” First number is height in inches of red coke bed before green coke added to final height indicated by second number. 
“Time first drops.” Minutes till molten droplets observed in tuyeres. 
“Pressure” “Start.” Pressure of full stack when blast first turned on and before melting starts. “Avg” average of 10-15 measurements 
during melting. 
“Temp. Avg.” Average of 10-15 stream readings with optical pyrometer. “Max” highest level averaged for 3 consecutive readings. 
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Pressure before melting was only 5.5 oz, but during 
melting ranged up to 10.6 oz, averaging 9.3 oz for the 
heat. Stream temperature averaged only 2600 F; the 
highest level averaged over 3 ladles was also 2600 F. 
Final carbon was 2.89 per cent; sulfur 0.083 per cent; 
silicon only 1.28 per cent after a 29.5 per cent loss; 
and manganese was 0.40 per cent after a 46 per cent 
loss. The slag was foamy and the tuyeres partially 
clogged for most of the heat, accounting for pressures 
higher than expected. 

Later, another heat was run with the same 5-in. 
coke (No. 667) but with the bed height increased 
10 in. to 65 in.; and every effort made to keep the 
tuyeres clean. The cupola came in more normally 


with first drops observed in 8 min. Temperature was 
improved slightly to 2620 F average and 2650 maxi- 
mum level, but was still 100 F colder than normal. 
Silicon oxidation was reduced and sulfur increased by 
the increased bed height, but carbon was still low. 
Tuyeres were kept clean, but slag was very viscous 
and refractory attack above normal. 

Two heats (No. 659 and 660) with 314-in. uniform 
coke (3-4 in.) experienced higher maximum tem- 
peratures of 2730 F, higher carbons of 3.0 per cent 
and silicon losses of 9.9 per cent and 14.8 per cent. 
Slag fluidities were good and the cupola clean on 
both heats. 

The one heat with 3-in. coke (No. 646) experienced 
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the highest temperature average of 2750 F and maxi- 
mum level of 2790 F, a low silicon loss of 8.2 per cent 
and a carbon of 3.09 per cent. 

One heat with 214-in. coke experienced similar high 
temperature, low oxidation losses, and the highest 
carbon of 3.17 per cent. 

Next a heat was run using 1-2-in. coke (No. 666). 
Pressure before melting was 13.4 oz and over twice as 
high as with the 5-in. coke. Pressure average during 
melting was 12.4 oz. With the standard 55-in. bed 
(including 17 in. of green coke) , drops were not ob- 
served past the tuyeres till 15 min. The cupola came 
in slow but melted at a normal rate after tap. Iron 
temperature showed a decrease over the optimum size 
coke, with an average of 2650 F and a maximum 
level of 2670 F. Carbon was lowered some to 3.01 
per cent and silicon loss increased to 12.6 per cent. 
The highest sulfur of 0.120 per cent was obtained 
from this smallest coke. The bottom dropped slug- 
gishly, and some bridging was found in the cupola. 
The bridging seems definite evidence that the under- 
sized coke made stack permeability too low and air 
velocity too high for best efficiency. Although reason- 
ably fair performance was obtained on this short heat, 
it can be expected that on longer heats the bridging 
would become serious and melting efficiency would be 
impaired, 

Since the previous heat came in so slow and gave 
evidence of a high bed, another heat (No. 658) was 
run with the same 114-in. coke but with the bed low- 
ered to 45 in. First drops were observed in 11 min, or 
4 min sooner as a result of the bed change. Compared 
to the higher bed, melting rate was higher, tem- 
perature slightly lower, carbon slightly lower, and 
sulfur considerably lower. Silicon loss was essentially 
the same, within experimental limits, indicating the 
bed was still high enough after the 10-in. reduction. 
The cupola was again bridged considerably. Silicon 
showed a greater decrease toward the end of the heats 
with the very small coke, indicating that greater oxi- 
dation difficulties might be experienced on longer 
heats. 


Various Coke Sizes Used 


On the next six heats, synthetic mixtures of various 
coke sizes were used to see how the performance of 
mixed coke compared to uniform coke. 

On the first heat (No. 663) the 3-screen coke was 
made up of 50 per cent 4-6 in., 30 per cent 3-4 in., 
and 20 per cent 2-3 in., and averaged the equivalent 
of 4.05 in. Pressure before melting was 7.4 oz, and 
the average during melting was 9.2 oz. Temperature 
and metal chemistry were essentially between those 
of the 5-in. and 314-in. uniform cokes and in line with 
the average size. Performance of this 3-screen 2-6-in. 
coke appeared satisfactory. 

On the next heat (No. 664) a 4-screen coke in- 
cluded 10 per cent 1-2-in. coke and averaged 3.85 in. 
Results were similar to the 314-in. uniform coke ex- 
cept for considerable bridging in the cupola. 

Next (No. 661) a 3-screen coke (25 per cent 4-6 
in., 50 per cent 3-4 in., and 25 per cent 2-3 in.) aver- 
aging 3.62 in. gave good performance and was similar 
to a l-screen coke of the same average size. No bridg- 


ing was experienced, indicating that the very small 
coke was largely responsible for the bridging tendency. 

A 4-screen coke (No. 662) with equal proportions 
of oversize and undersize coke but a proper average 
of 3.1 in. gave chemical experiences in line with its 
average size but bridged considerably. Metal tem- 
perature was not as high as on the uniform coke. 

On the next heat (No. 665) a 5-screen coke with 
10 per cent 1-2 in. and 5 per cent 14-1 in. averaged ~ 
2.03 in. Results were reasonably good for the first 
third of the heat. Then the tuyeres could not be 
kept bright and metal temperatures dropped to a 50- 
75 F lower level for the remaining two thirds of the 
heat. The proportion of very fine coke obviously 
“choked” the cupola too much for continued good 
efficiency. 

The last heat (No. 668) was run on a mixture of 
half 1-2 in. and half 4-1 in. coke. Pressure before 
melting was 16.7 oz, and averaged 14.6 oz during 
melting. With this very small coke metal tempera- 
ture was very low, averaging 2540 F, with only a 2560 
F maximum level. Carbon of 2.80 per cent was low, 
sulfur of 0.117 per cent was one of the highest, and 
silicon loss of 19.8 per cent was very high. The high 
FeO of 15.1 per cent goes along with the high oxida- 
tion losses and indicates too low permeability and too 
high velocity. Surprisingly, the high FeO slag was 
fluid enough, and bridging was not serious. 


Bed Height 


The time elapsed till first drops are observed in 
the tuyeres is accepted as a good indication of bed 
height. With the same 55-in. bed, “time till first 
drops” varied from 5 min on the 5-in. coke to 19 min 
on the 1.12-in. coke. This variation suggests that 
large open coke requires a higher bed than small, 
close coke for more nearly equivalent performance. 
The low resistance allows the incoming blast to reach 
much higher in the stack before an equivalent re- 
action with the coke can take place. 

Due to differences in compactness, the weight of 
coke to build a 55-in. bed varied from 304 Ib on the 
5-in. coke to 400 Ib on the 114-in. uniform coke. The 
mixture of sizes required even more coke by weight 
ranging from 322 to 434 Ib. 


Pressure 


Figure | shows the pressure at the start (and before 
melting) varied from 5.5 oz with 5-in. coke to 16.7 
oz for 1.12-in. coke with the same volume of air. After 
melting started, the low pressure on the large coke 
increased slightly, while the high pressure on the 
small coke decreased slightly. 

The average pressure throughout the melts varied 
from 8.9 to 13.4 oz. This is considerably more varia- 
tion in pressure than experienced with the fan-type 
blower whose output was affected by the coke per- 
meability. These variations emphasize that pressure 
is a valuable indication of conditions inside the cupola 
but an inaccurate indication of consistent air volume. 


Melting Rate 


The lower curve in Fig. | graphs melting rate vs 
coke size. With the positive displacement blower no 
significant difference in melting rate was observed, 
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within experimental limits. It is difficult to determine 
minor differences of melting rate on such a short 
heat, since the effect of the bed is considerable. With 
the fan blower, Bowers and MacKenzie experienced 
a 45 per cent reduction in melting rate with 1-in. 
coke over 4-in. coke. 

In these experiments the small coke melted equally 
as fast or faster after a slower start from a higher 
bed height (in effect). Melting rate on some of the 
very fine cokes might have decreased toward the end 
because of bridging. Such an effect would become 
more serious on longer heats. 


Temperature 


As shown in the top curve of Fig. 2, stream tem- 
perature was highest with an intermediate optimum 
size coke of 2-3 in., or 8 to 15 per cent of cupola diam- 
eter. Decreased temperature was experienced with 
both small and large coke, the same as experienced 
by Bowers and MacKenzie. 


Carbon Content 


In the middle curve of Fig. 2 carbon pick-up 
reached a maximum with the intermediate coke size 
8 to 15 per cent of cupola diameter, and followed 
parallel to temperature. Carbon was lower with both 
large and small coke. On the previous tests with the 
fan blower, carbon increased with smaller coke, and 
no down-turn was observed with small coke. This was 
probably due to decreased air volume as coke size 
decreased. With the positive displacement blower the 
air blast reached a higher velocity, accounting for 
excessive oxidation and lower carbon. When coke 
size is too large in relation to cupola diameter, decreas- 
ing coke size increases carbon pickup. But when coke 
is near the minimum size, decreased size can decrease 
carbon. This seems to explain the conflicting opin- 
ions on carbon pick-up. 


Sulfur Pickup 


As indicated by the bottom curve of Fig. 2 final 
sulfur seemed to decrease with increased coke size 
ranging from 0.083 per cent on 5-in. coke to 0.120 
per cent on 114-in. coke. This confirms the experience 
on the fan blower. However, when the bed heights 
were adjusted to apparently equivalent conditions, 
the same sulfur absorption was experienced on the 
5-in. (high bed) and 114-in. (low bed) coke. 


Oxidation Losses 


As shown in Fig. 3, oxidation of both manganese 
and silicon was lowest with the intermediate, opti- 
mum size coke. Increases in oxidation were experi- 
enced with both very large and very small coke. 

Iron oxide content of the slag correlated closely 
with oxidation losses, showing a minimum of about 
5 per cent intermediate size coke and increasing to 
over 15 per cent with coke as small as 5 per cent and 
as large as 24 per cent of cupola diameter. 


Slag Composition 


Figure 4 shows that slag composition is also affected 
by coke size. The lowest SiO, content and most fav- 
orable ratio of CaO and SiO, for good fluidity was 
experienced with the optimum size of coke. With 
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very small and very large coke, SiO, content increases, 
indicative of greater refractory consumption and 
higher oxidation losses; and CaO content from a con- 
stant flux weight decreases because of dilution in the 
increased quantity of slag. Changes in Al,O3 and 
MnO were not significant. 

These results seem to suggest that undersized coke 
might be kept open better with slightly more flux. 


Production Experiences 


Experiences on our several production cupolas have 
verified the principal conclusions of this research. 

On our smallest production cupola the coke has 
always been obtained from a supply destined for a 
large cupola. This coke has been broken by hand 
hammer to 2-5 in. for the small cupola, Breaking coke 
in this manner leads to an unfavorable distribution 
of sizes. The size of this broken coke has been one 
of the most difficult variables to control on the small 
cupola. Within the last several years several serious 
cupola irregularities have been traced to irregular 
coke size. On at least two occasions, the small cupola 
has become almost completely bridged because of use 
of excessively fine coke that had accumulated. Con- 
siderable ‘“‘doctoring’”’ was required to restore normal 
performance. 

On our larger cupolas, cars of small coke have been 
used from time to time. These cupolas have repeat- 
edly shown inclinations toward lower temperatures 
and lower carbons, requiring increased coke propor- 
tions to bring the cupola back to desired conditions. 


Conclusion on Coke Size 


1. With the coke size varied from 114 to 5 in. or 7 
to 23 per cent of cupola diameter, considerable dif- 
ferences were experienced: Best performance on this 
23-in. cupola was obtained with coke averaging from 
2 to 3 in. or 8 to 15 per cent of cupola diameter. 

2. With this optimum intermediate size, tempera- 
ture was 150 F to 200 F hotter than either extreme; 
carbon content was 0.10 per cent to 0.17 per cent 
higher than either extreme; silicon loss was half as 
much as either extreme; slag FeO was less than half 
as high; slag quantity and refractory attack were much 
lower, as shown by slag analysis. 

3. Sulfur increased slightly with smaller coke. 

4. Pressure was increased 60 per cent with the 
smallest coke. Under such conditions, pressure is ob- 
viously an inaccurate indication of air volume. Melt- 
ing rate was decreased only very slightly by the small 
coke, and this difference might have been due to less 
suitable bed heights. Greater reduction might be ex- 
perienced on longer heats, due to increased bridging. 

5. On the short heats, the mixtures of several sizes 
of coke caused reactions very similar to uniform coke 
of the same average size. However, bridging tendency 
was much greater when the coke consisted of sizes 
from too many screens. All three mixtures with four 
and five sizes bridged badly, while the three mixtures 
with only two or three sizes were free of bridging. 
This accounts for improved efficiency frequently ob- 
tained by screening out the smallest coke that has 
the greatest detrimental effect on stack permeability 
and cupola efficiency. 
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6. These results emphasize the value of using 
smaller coke for smaller cupolas but point out the 
danger of accumulated fines. 

7. On larger cupolas (72 in. and above) it is al- 
most impossible to get coke too large (averaging over 
12 per cent of the cupola diameter). Coke usually 
tends to average below 8 or 10 per cent of the diam- 
eter. These results emphasize the loss in efficiency 
resulting when coke is broken up by unnecessary or 
rough handling or when the coke is weak and readily 
broken. 

8. With the same height of coke bed, the time till 
the first molten drops as observed at the tuyeres varied 
from 5 min on the largest coke to 19 min on the 
smallest. —The same bed height was too low for 5-in. 
coke and too high for coke 114 in., and smaller. This 
seems further evidence that theoretical formulas for 
bed height may not be accurate without some con- 
sideration of coke size. 

9. These data and conclusions apply only to strong 
coke broken to the sizes indicated. With the best 
handling, weak, brittle coke is inclined to break down 
toward an undesirable size pattern. Structurally weak 
coke that arrives small and breaks further in charging, 
shows the effects from size plus the effects of the 
structure that made it weak. 


Effect of Coke Quantity 


A series of seven heats was made with four varia- 
tions in coke quantity, namely 9, 11, 14, and 20 per 
cent of the weight of the metal charged. Flux was con- 
stant on one set, but varied from 3 to 7 percent on 
companion heats to adjust for the varying coke ash, 
due to variations in the quantity of coke charged. 
Bed height was varied from 30 to 40 in. for the 9 per 
cent heats to 50 to 60 in. on the 20 per cent heats. 
Bed height was adjusted to match the equilibrium 
melting levels of the various amounts of coke. 





All other factors relating to this series of heats as 
indicated in Tables 1, 2, and 3, were held as constant 
as possible. 


Conclusions on Coke Quantity 


1. Carbon content increased rapidly with increased 
coke quantity up to about 14 per cent. Additional 
coke beyond 14 per cent of charge weight seemed to 
have little effect on carbon pickup, as shown in Fig. 5. 

2. Sulfur showed a similar trend in that increasing 
the coke quantity from 9 to 14 per cent caused a jump 
in sulfur content from about 0.083 to 0.108 per cent. 
Additional coke above this amount did not seem to 
contribute as much additional sulfur to the metal. 

3. Oxidation losses in the cupola decreased with 
increased coke quantity. Silicon loss dropped from 18 
to 6 per cent by raising the coke amount from 9 to 20 
per cent but at the same time, melting rate dropped 
from 2.0 tons/hr to 1.3 tons/hr, and pressure was 
increased by 2 oz. The coke seemed to have less inter- 
stitial space than the metal charge, which would con- 
tribute to higher pressures with increasing amounts 
of coke. This trend in pressure is shown on Fig. 6. 

4. Stream temperature hit a maximum peak with 
14 per cent coke with the air volume used. More or 
less coke caused lower average and maximum temper- 
atures. 

5. Obviously the optimum coke ratio for any par- 
ticular job is a compromise of the above-mentioned 
results. If quantity of metal is of prime importance, 
one must sacrifice temperature, alloy recovery, etc. 
On the other hand, if maximum temperatures are to 
be attained, quantity must take a secondary position. 

The optimum quantity of coke for this cupola, 
operating under the conditions described in the pro- 
cedure, is about 14 per cent of the metal charge or a 
coke ratio of 7:1. This is the ratio normally used 
in this cupola. Quantitative results can not be applied 
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to other mixes and other cupolas. Only the relative 
results of the variables should be considered. The 
high steel mix was intentionally used, to accentuate 
the various chemical and physical reactions, and 
would not be considered the usual acid melting prac- 
tice. 

6. As flux increased with amount of coke, more 
consistent slag chemistry and fluidity were obtained, 
which produced smoother, more trouble-free cupola 
operation in general. Slag chemistry is shown on Fig. 
7. SiO, (+ TiO.) ran from about 45 per cent with 
lower amounts of coke to 55 per cent high coke per- 





Coke Charge— %&% 


centages. CaO (+MgO) dropped slightly over the 
same range from about 33 to 28 per cent, probably 
due to the diluting effect of more slag. Al,O; did 
not change appreciably, and FeO and MnO were 
slightly higher with abnormally low coke amounts for 
this size cupola. 


Effect of Air Volume 


Three experimental cupola heats were made with 
blower speeds adjusted to deliver 580, 900, and 1175 
cfm. These rates are equivalent to 242, 375, and 490 
cfm per sq ft of cross-sectional area. 
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All heats were run with a 50-in. bed, and metal 
dam heights were 2, 3, and 4 in., respectively, for the 
three heats, to adjust for the anticipated differences 
in pressure. Other data on these three heats conform 
to data presented in Tables 1, 2, and 3. 


Conclusions on Air Volume 


1. This series of heats confirms the generally known 
fact that there is an optimum range of air volume 
for a given size of cupola and type of charge. In 
practice, melting rates have been varied as much as 
20 per cent above and below the ideal melting rate 
by adjustment of air volume. Extreme variations are 
detrimental to best consistency and efficiency as indi- 
cated by conclusions from these data. 
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2. For this size cupola and with the blast rates in- 
vestigated, the best volume, for average purposes and 
conditions, appeared to be about 375 cfm per sq ft 
of cross-sectional area. This is the air volume used 
on all standard heats. This amount of air produced 
a melting rate of 1.4 tons/hr at a temperature that 
average 2750 F and reached a maximum level of 2790 
F. These temperatures are about 50 F higher than 
either the high or low wind heats, as shown in Fig. 8. 

3. A low volume of air (242 cim/sq ft) gave the 
lowest oxidation loss of silicon and manganese, at 
the expense of melting rate and stream temperature. 
Melting rate dropped to 1.0 ton/hr, and stream tem- 
perature dropped to an average of 2715 F and a maxi- 
mum level of 2750 F. 
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4. Driving the cupola beyond its optimum melting 
rate, on the other hand, seriously affected melting re- 
covery, stream temperature, refractory consumption 
and proper cupola control. Blowing with an excessive 
volume of 490 cfm per sq ft of cross-sectional area 
increased silicon less to 31.1 per cent, and slag FeO 
to 15.4 per cent. Temperature was decreased to an 
average of 2700 F and a maximum level of 2720 F. 
A melt rate of 2.5 tons/hr was the highest obtained 
and the only advantage of the high air volume. 

5. Low air volume produced a troublesome slag 
because of lower temperature and slower flow, but noi 
to the extent of being dangerous. The high air vol- 
ume produced a very troublesome, oxidized slag, and 
overall cupola operation was very erratic, requiring 
much attention to keep the tuyeres open and the heat 
in progress. Figure 9 indicates the relative variations 
in slag chemistry with three levels of air volume. Ex- 
cessive air volume increased SiO, (+ TiO.) some- 
what. The larger volume of slag formed was mainly 
from consumption of the lining, so that this constitu- 
ent did not increase proportionately as fast as might 
be expected. CaO (+MgQO), on the other hand, 
dropped considerably due to the diluting effect of an 
excessive slag volume. FeO increased from about 5 
to over 15 per cent with excessive blast, while Al,O; 
and MnO were relatively unchanged percentagewise. 

6. Silicon loss is one costly result of driving a 
cupola too hard. The cost of replacing silicon lost 
in heat No. 651 over normal operation would be ap- 
proximately $1.60 a ton, assuming a 2.0 per cent 
silicon iron. The oxidation of iron, as indicated by 
the slag FeO in the above case, would result in an 
additional 0.5 per cent of the charged metal going 
to. the slag dump, at a cost of about $.20 per ton. 
Manganese loss was 10 per cent higher with excessive 
air volume. 





7. Sulfur and carbon both dropped slightly with 
the larger air volume but not enough to be signifi- 
cant, as shown in Fig. 10. 

8. It is quite possible that uneven charging of a 
large cupola could lead to the existence of all three 
of the above conditions over the cross section of the 
same cupola. On a cupola with a reasonably proper 
air volume, loose charging on one side could pass 
proportionately more air to the point of excessive 
oxidation and reduced temperature, while tighter 
charging on the other side might pass proportionately 
less air to the point of reduced efficiency. These 
heats emphasize the importance of air volume and 
the importance of even stack permeability, if best 
combustion efficiency is to be obtained. 

9. Adjusting bed height would, of course, modify 
some of the results obtained. If such extremes in air 
volume were attempted, some other adjustments 
might be made. On the other hand, with poorer coke 
results might be less favorable. The results emphasize 
the desirability of uniform demand on the cupolas 
by the foundry, and the inefficiencies and control 
problems that can result if air volume is extended 
beyond reasonable limits or changed too abruptly. 


Effect of Variations in Steel Scrap 


Steel scrap is a significant part of most charges in 
our plant, ranging from 15 to 40 per cent on three 
larger production cupolas and from 50 to 90 per cent 
on two smaller production cupolas. 

Steel is more reactive in the cupola than other 
usual charge components and has the strongest effect 
on the three major reactions in the cupola, namely 
carbon pick-up, sulfur absorption, and silicon loss. 

As a scrap product, steel varies in size from heavy 
shafts and castings to thin plate trimmings. It also 
varies in chemistry from the lowest carbon mild steel 
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to the higher carbon spring steels, and in surface con- 
dition from painted shells or clean rolling mill ends 
to plate or rails half rusted away or oxidized by heat. 

The effects of drastic changes from one of these 
types to the other have often been reflected in metal 
chemistry and subsequently compensated for by mix 
adjustments. 

The availability problem of the past few years has 
also focused more attention on the problems of sec- 
tion size and chemistry. At times, the overall deple- 
tion of steel scrap has demanded deviations from the 
preferred classes of scrap and necessitated the use of 
large proportions of steel scrap formerly considered 
undesirable. 

Practically no experimental work has been re- 
ported, where other variables have been sufficiently 
eliminated to give the quantitative effect of some of 
these variations in shape and section size. 

Fifteen heats were melted in this series, keeping 
everything constant except the steel portion of the 
charge. The following varieties of steel were used as 
50 per cent of the metal charge: Small coil springs, 
railroad leaf springs, 40-lb rails, Y% x 114-in. rivets, 
34 x 2l4-in. rivets, 3-in. diam bars, 4 to 4-in. plate, 
Y% to l4-in. plate, 34 to 1\4-in plate, and tin cans. 
More complete data may be found in Table 5. 

The first six heats in Table 6 melted low-carbon 
steel plate within four different thickness levels rang- 
ing from | to 0.01 in, cans. 

The unusually heavy l-in. plate with an average 
weight of 7.8 lb/piece and a surface area to volume 
ratio of 2.7 produced iron at an average temperature 
of 2700 F, and a maximum level of 2740 F. Melting 
rate was 1.2 tons/hr and average pressure 9.4 oz. 
Average final silicon was 2.22 per cent after a 5 per 
cent loss, carbon was 2.87 per cent after a 1.05 per cent 
pick-up, and sulfur was 0.070 per cent after an 0.043 
per cent pick-up. 

The next two heats melting a thinner, more nearly 
average 3%-in. plate showed a definite increase in 
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TABLE 5—DESCRIPTION OF TYPES OF STEEL SCRAP USED 





Surface Carbon 
Area/ Avg. Wt./ Content 
Volume Piece, Ib % 








Rectangular Cross Section 


l-in. Plate (34—114) ~4x6 in. 2.7 7.80 .22 
%-in. Plate (14—1l4) ~4x6 in. 6.2 2.34 .08 
Hein. Plate (44—14) ~4x6 in. 11.5 1.17 10 
Cans (Crushed Together) ~60.0 51 ~.10 
3%-in. Leaf Spring (14—14) 4x6in. 6.17 2.34 94 
Cylindrical Cross Section 
3-in. Bars x 15-in. long 1.47 27.5 18 
34-in. Rivets x 214-in. long 5.75 64 07 
l4-in. Rivers x 114-in. long 17.2 .25 03 
5g-in. Diam Coil Spring (234-in. Coil) 16.3 6.0 93 
Rail—40 lb (Very Rusty) 4.2 7.0 A7 





sulfur, a definite increase in silicon loss, and a slight 
increase in carbon, melting rate, and average temper- 
ature. With still thinner %,-in plate on the next 
heat, the principal variation was a further increase 
in sulfur. 

The two heats melting crushed tin cans were very 
troublesome as expected. Tremendous volumes of 
slag were produced that tended to fill the tuyeres if 
not given constant attention. Metal loss was as high 
as 33 per cent, and lining attack was very severe. 

Such cans would never be considered for use in 
large proportions. These heats were run to accentu- 
ate the chemical effects of this ultimate extreme in 
steel. The highest sulfurs of 0.121 and 0.143 per cent 
were obtained, although the charged sulfur was as 
low as any. Silicon loss was increased to the extreme 
levels of 31.9 to 40.4 per cent. The very high slag 
FeO content of 46.3 per cent explains and accounts 
for the loss of silicon as well as the overall metal loss. 

On the can heats, melting rate was low and metal 
temperature the lowest obtained, apparently because 
of the interference effect of the large volume of slag. 
Carbon pick-up was also out of line for the same 
reason, namely the mechanical and chemical effects 
of the slag. 











TABLE 6 
Melt 
Heat Pressure, Oz. Rate Temp, F Iron Analysis Avg., % %C %&%Si 
Type Steel No. Range Avg. tons/hr Avg. Max. Si Cc Mn Ss Pickup Loss Remarks 
Plate—Mild Low-Carbon Steel 
l-in. Plate 655 8.3/10.1 9.4 1 2697 2743 2.22 2.87 0.48 0.070 1.05 5.0 
¥%-in. Plate 631 78/125 105 2713 2740 2.05 2.87 0.80 0.078 1.16 8.3 


te bo i i 


¥%-in. Plate (LW) 632 7.4/11.2 9.8 2727 2750 
%e-in. Plate 637 5.6/10.2 8.2 2681 2753 
Cans 635 204. 


Ol-in. Cans (LW) 636 10.7/196 144 1.0 2597 2613 


1.93 2.92 0.78 0.096 121 14.0 
1.94 2.84 0.73 0.103 1.12 
1.55 2.68 0.58 0.121 0.57 
1.37 2.58 0.49 0.148 0.47 40.4 


aa {Much foamy 

in 4 j troublesome slag, 
)33% Metal loss 

| Much lining attack 


Cylindrical Shape—Mild Low-Carbon Steel 


Y-in. Rivets 633 9.8/14.4 11.8 2.0 2652 2713 
¥%-in. Rivets 638 7.4/11.2 9.6 1.5 2723 2770 
3-in. Bar 634 7.4/11.2 9.1 12 2677 2707 
Rail (Rusty) 657 92/111 104 12 2718 2738 
Rail 646 6.4/12.0 99 1.4 2752 2787 
¥-in. Leaf Spring 630 6.4/10.2 9.1 1.2 2726 2753 
Coil Spring 629 74/102 86 14 2708 2737 


Coil Spring (TS) 628 
Coil Spring (R) 639 


102/120 109 14 2735 2793 
8.3/12.0 106 15 2714 2750 


High-Carbon Steels 
1.61 


1.72 2.62 0.49 0.063 0.93 21.i—Some bridging 
1.87 3.01 0.53 0.086 131 129 
2.14 2.75 0.66 0.067 0.89 5.0—Some bridging 


3.17 0.53 0.101 1.15 
1.67 3.09 0.50 0.106 1.07 
2.18 2.98 0.63 0.075 0.84 7.7 
2.04 3.05 0.59 0.085 0.91 13.1 
2.02 3.11 0.66 0.084 0.97 140 
2.09 3.07 0.64 0.090 094 104 


_ 
7c = 
7s 


LW — Coated with lime wash. No significant effect on chemistry. 


TS — Tuyeres partly stopped up early in heat. 
R — Rubber included in charge. 
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Figure 11 
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Nothing as thin as cans has been deliberately 
charged into our production cupolas. But several 
times low silicon or “hard iron” has been traced to 
very thin steel plate (14 in. or under). In one case, 
a car of steel was unloaded with some thin steel con- 
cealed in the bottom of the car. On the first charges 
made up with this thin steel, the chill depth in- 
creased, and final silicon was .40 per cent too low. 
Silicon additions were made to the subsequent ladles. 
When this steel was removed, the analysis returned 
to the desired range. Closer and more frequent in- 
spections of the melting materials are necessary to 
reduce the frequency of trouble from such variables. 

The next three heats in Table 6 melted steel essen- 
tially cylindrical in shape with a much lower surface 
area to volume ratio for equivalent weight. 

The 4 x 1)4-in. rivets were so short they partially 
“plugged” the interstitial spaces in the coke and pro- 
duced another variable. As a result the pressure was 
unusually high, the temperature low, and the silicon 
loss high. The cupola was slightly bridged after this 
heat. Melting rate was high, but carbon pick-up and 
sulfur absorption were lower than would be expected. 
This heat appears to indicate more nearly the effects 
of punchings rather than those of small-diameter bars. 

The well known effects of punchings have been ex- 
perienced on one of our small production cupolas. 
Attempts to use all punchings have resulted in high 
silicon losses and serious bridging. Small proportions 
of punchings, inadvertently concealed in cars of steel 
scrap, have caused temporary dips before detected. 

The next heat with 34 x 214-in. rivets melted very 
hot with a 2720 F average and 2770 maximum level. 
Silicon averaged 1.87 per cent after a 12.9 per cent 
loss, One of the lowest carbon charges of 1.70 per cent 
experienced the highest carbon pick-up of 1.31 per 
cent to give a 3.01 per cent final carbon. 

On the next heat the steel half of the charge con- 
sisted of obviously too large 3-in. diam x 15-in bars. 


Metal temperature was reduced and the melting rate 
retarded by the excessive size of this steel. Silicon 
loss of 5 per cent was one of the lowest obtained and 
sulfur absorption of 0.039 per cent was one of the 
lowest, apparently due to the lowest ratio of surface 
area to volume. 

This large steel lagged behind very badly and was 
not completely melted until dangerously close to the 
tuyeres. Longer heats, slightly heavier steel, or any 
cupola irregularities or interruptions could easily 
have caused serious trouble from such steel of exces- 
sive size. Some operational difficulties on our larger 
cupolas have been traced to steel with excessive thick- 
ness, inadvertently included in steel scrap. 

The next two heats melted 50 per cent small rails 
(40-lb). The most noticeable difference was the higher 
carbon contents of 3.17 per cent and 3.09 per cent, 
approximately 0.20 per cent carbon higher than the 
other mild steels. However, the ingoing charge with 
such a higher carbon steel figures about 0.20 per cent 
carbon higher, so carbon pick-up was comparable. 

The 3%-in. leaf springs when compared to %%-in. 
plate produced higher carbon and higher silicon due 
to charge chemistry. Sulfur absorption was lower, 
probably due to the more protective chemistry of the 
higher carbon steel, since the physical dimensions 
were almost identical. 

The high-carbon coil springs likewise produced a 
high final carbon because of higher charged carbon 
in the steel. Carbon pick-up was comparable. Sulfur 
absorption was rather low. 

In studying the relationship between the results 
and the physical characteristics of the steel, the chem- 
ical results seemed to correlate best with the surface 
area to volume ratio, while the physical results seemed 
to correlate better with the weight per piece. 

Final average carbons varied from 2.59 to 3.17 per 
cent among the various steels. In Fig. 11 the final 
carbon curve shows a dip on both ends, probably due 
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to the delayed melting of the heavy bars on the left 
side, and the volume of oxidizing slag in the case of 
the cans on the extreme right. The final carbors of 
all the high-carbon steels are above the line, obviously 
because of their higher charged carbon. A graph of 
carbon pick-up shows much better correlation with 
surface area/volume, after compensating for the vary- 
ing charged carbon contents. 

Final sulfurs averaged from 0.063 to 0.143 per cent 
among the ten types of steel. Sulfur pick-up increases 
with surface area to volume and shows reasonably 
good correlation with the exception of the 14-in. 
rivets and the coil springs which are far below the 
line. 

Silicon losses varied from 5 to 40 per cent. The 
iron oxide contents of the slags varied from 3.6 to 
46.3 per cent. 

The silicon losses and FeO contents of the slags 
are reasonably parallel, and both follow the surface 
area to volume ratio with a fair degree of correlation. 

Production experience on a 36-in. cupola verifies 
the results of this study. Increasing the ratio of sur- 
face area to volume from 2 to 16 resulted in an aver- 
age increase in sulfur of 0.027 per cent, with accom- 
panying high silicon loss and lower carbon pick-up. 

Figure 12 shows trends in slag composition with 
variations in surface area to volume ratios. Most sig- 
nificant is the high FeO with ratios above 20: 1, and 
the corresponding dilution of SiO, (+ TiO.) and 
CaO (+Mg0O). 

In Fig. 13, pressure at constant volume seems to 
decrease with increase in weight per piece, rather 
sharply in the small sizes that fit between the coke, 
and very gradually in the larger sizes. Melting rate 
seems to decrease as the weight per piece increases. 

Optimum temperature seems to result on this size 
cupola from steel weighing anywhere from 34 to 10 
lb per piece. Temperature decreases sharply below 
this size and gradually above this size. Weight per 
piece is in itself not sufficiently descriptive. Some 





consideration of surface area to volume, or density, 
is important in melting rate. The coil springs and 
rails seemed to melt slightly hotter and faster, possibly 
because they were less compact and presented a mod- 
erate surface area. 

On all three curves the cans were far out of line, 
because of the large volume of slag that raised the 
pressure, retarded the melting rate, and lowered the 
temperature, 

Conclusions on Variations in Steel Scrap 

The following generally recognized facts were em- 
phasized by this experiment: 

1. When large proportions of steel scrap are used 
in a cupola charge, the likely variations in composi- 
tion, form, and condition of the steel can cause sig- 
nificant variations in performance and final analysis 
if not recognized and compensated for. 

2. Higher carbon rail and spring steels, when com- 
pared to the usual low carbon plate and structural 
steels, produce a higher carbon, obviously because of 
charge content, a higher silicon, both because of 
lower loss and higher charge content, and a lower 
sulfur content apparently because of a chemistry 
more protective to oxidation. 

3. Excessively thin steel plate is very undesirable 
because of high sulfur pick-up, high oxidation losses, 
increased refractory attack, and large slag volumes. 

4. Heavy steel with excessive thickness may be in- 
completely or barely melted in its descent, causing 
low temperature metal and a great risk of bridging, 
though chemically the thick scrap behaves favorably. 

5. Punchings, slugs, rivets, etc. short enough to 
plug up the interstitial spaces in the coke give serious 
trouble from bridging, cold metal, etc. 

6. Within these extremes reasonable variations in 
thickness and shape of steel do not seem to produce 
serious deviations in chemistry or performance. 

7. Adjustments for variations in type of steel on 
the basis of these principles have already been applied 
to advantage on production cupolas. 
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Final Summary 


A study of several cupola variables has further in- 
dicated that the various chemical reactions and physi- 
cal results follow certain logical relationships. Varia- 
tions in cupola behavior need not be considered a 
complete mystery or attributed to the fickle “person- 
ality” of a particular furnace. As general understand- 
ing of the variables of the process improves, it should 
become easier to anticipate, and scientifically compen- 
sate for some of the variables encountered. 

Conclusions from this study may be summarized 
briefly as follows: 

1. Coke size was found to affect all reactions, em- 
phasizing the consequences of rough handling and 
the importance of coke strength as manufactured. 
Best performance was obtained with the coke size 
properly proportioned to the cupola diameter and 
ranging from 8 to 15 per cent of the cupola diameter. 
Properly sized coke gave the highest temperature, 
highest carbon, lowest oxidation loss, cleanest tuyeres, 
least bridging, and most favorable slag composition. 

With very large coke in a small cupola, lower 
temperatures, higher oxidation losses, lower carbons, 
and more refractory consumption resulted. With ex- 
tremely small coke, lower temperature, higher oxida- 
tion losses, and lower carbons were experienced, and 
bridging tendency increased. 

2. Mixtures of coke sizes gave results in line with 
the average diameter and worked satisfactorily as long 
as the size spread was not too great and the fuel did 
not contain too many very fine pieces (under 114 in.). 
With coke spread over too many screen sizes and con- 
taining too much “fines,” bridging tendency increased 
and tuyeres were hard to keep bright. These troubles 
would increase on longer heats. 

3. The amount of coke affected all the reactions. 
With low percentages of coke (high metal to coke 
ratios} melting rate was high and sulfur absorption 
low, but oxidation losses were high, temperatures 
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Figure 13 


lower, carbon contents lower, and slag FeO high. As 
coke increased, output was sacrificed, but oxidation 
losses decreased, temperature increased, and slag com- 
position became more favorable. With coke further 
increased to above the optimum amount, advantages 
decreased with little further reduction of oxidation 
losses and little increase in carbon. ‘Temperature 
again dropped with constant air volume. 

4. With coke amount fixed and air volume varied, 
the highest temperatures were obtained within an 
optimum range of air volumes. With extreme over- 
blowing 492 cfim/sq ft), high melting rates were ob- 
tained, but resulting in lower temperatures, very high 
oxidation losses, lower carbons, high iron oxide con- 
tents in the slag, and high refractory consumption. 
With an extremely low air volume (241 cfm/sq ft) 
the chemistry of the metal and slag were favorable 
but temperature was lower and thermal efficiency 
reduced. 

5. Where large proportions of steel scrap are used, 
variations in the type of steel scrap can cause consid- 
erable variations in cupola performance. High carbon 
steels like rails, springs, etc. produce higher carbons, 
higher silicons, and lower sulfurs than low-carbon 
steels like plate, and structural steel. Reasonable 
variations in shape and thickness cause only negligible 
deviations. But as the steel becomes too thin (14-in. 
and below) and the ratio of surface area to volume 
goes beyond 20, oxidation losses and slag FeO be- 
come very high, sulfur absorption becomes very high, 
carbon content drops, refractory consumption in- 
creases, and slag volumes increases. 

Extra heavy pieces of steel scrap decrease tempera- 
ture and melting rate. On the other extreme, very 
thin plate or short slugs or punchings endanger per- 
formance. The most favorable performance was ob- 
tained with pieces of steel scrap in an intermediate 
weight range, of moderate thickness, and a shape 
conducive to intermediate stack permeability. 
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Other variables affect cupola performance. Two 
very important factors previously reported are coke 
properties and slag composition. Variations in coke 
composition and properties have been shown to affect 
all the reactions shown. By changing slag composi- 
tion to the basic side, considerable changes in the 
various chemical reactions have been reported. Blast 
conditioning is another factor that can change all 
these relationships. 

Results given show some general trends and some 
specific results under given sets of circumstances. It 
is hoped these data might contribute to a clearer un- 
derstanding of acid cupola behavior. 
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DISCUSSION 


Chairman: R. A. FLINN, University of Michigan, Ann Arbor, 
Mich. 

Co-Chairman and Secretary: H. W. Lownik, Jr., Battelle 
Memorial Institute, Columbus, Ohio. 

W. R. JagscHke (Written Discussion):* Valuable data are 
presented on the importance of coke size in relation with cupola 
diameter and particularly important are the data on the very 
small coke and coke fines, that under 114-in. in size. 

Tests on the quantity of coke used, indicate the importance 
of reason in all things. However, the tests were for only | 
hr and while blast volume was constant, bed heights were 
varied from 30 in. to 60 in. to match the equilibrium melt- 
ing levels of the various amounts of coke. Possibly, if the 
bed heights were constant at 50 in. as in other tests, or in 
accordance with the theoretical formula and the runs were 
long enough for equilibrium conditions to become established, 
the results then might more closely resemble those indicated 
by the graphic charts in the AFS Cupola Handbook. 

Similarly in the tests on volumes of air (blast) used, if 
the original bed heights had been adjusted for resulting pres- 
sure conditions according to the theoretical formula and the 
runs had been long enough for equilibrium conditions to be- 
come established, the results might have been more nearly like 
by the graphic charts in the AFS CuroLa HANDBOOK. 

The tests on various kinds of steel scrap should be studied 
by all who melt steel scrap and must also have good metal- 
lurgical control. The authors present data showing the harmful 
effects of very light, very small and very heavy steel scrap. 
It was of interest to note that tight scrap like plates and 
rivets did not show much different pressure conditions than 
did more open material like coil springs. These data emphasize 
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again the importance of coke sizing and that the real zone 
of maximum resistance toe the blast is within the coke bed. 
Interesting also is the information that the rubber bearing 
scrap did not effect the sulfur content of the metal as much 
as did tin can scrap. 

The authors also call attention to stock distribution, which 
under adverse conditions may cause equally bad results by 
creating conditions to some of those in the tests. 

Mr. Carter (Authors’ Reply to Mr. Jaeschke): The authors 
appreciate the remarks of Mr. Jaeschke and his sound contri- 
bution to the discussion. ’ 

Our data on the effects of coke quantity and air volume 
are admittedly limited. Since these two factors have received 
considerable study in recent years, it was primarily our in- 
tention to simply remind ourselves of these well established 
relationships and possibly add some data on oxidation loss, 
slag composition, etc. 

Bed height is admittedly more influential on short heats. 
We would prefer to have run more heats at several bed heights, 
but time did not permit. We varied bed height while we were 
varying coke ratio because, in our plant, on cupolas operated 
regularly at higher metal temperatures with more coke, we 
run relatively higher beds than on other cupolas run colder 
and on leaner coke ratios. At the time we build the bed 
we know whether or not the cupola will be operated on a 
lean or rich coke proportion. 

We did not vary bed height when studying air volume, 
because in our plant we are frequently required to vary 
melting rate through air volume with no opportunity to ad- 
just equilibrium bed height. In that case we get the effect 
of varied air volume with a constant bed height as reflected 
in the paper. 

The effect of many of these variables admittedly may oe 
compensated by other variables if we only know when to expect 
them and understand the proper compensations to make. 

We are not sure our results would check too closely with 
the charts in the CurpoLa HANpBook. These charts have served 
a valuable purpose in revealing certain relative principles of 
cupola combustion. However, these charts were developed, in- 
terpolated, and extrapolated from data on a relatively few 
short heats run on a 2114-in. cupola by Jungbluth in Germany. 
Rather large charges of all pig iron were melted with a low 
ash (6 per cent, European coke of rather large size, 4-in.-5-in. x 
7-in.-8-in.) and from a rather high bed. Tuyere dimensions were 
not exactly conventional and methods of measuring temperature 
were different. 

Many of our operations do not check with the handbook 
charts because of the effect of other variables like coke prop 
erties, coke size, type of metal charge, physical dimensions of 
metal charge, tuyere dimensions, slag composition, etc. 

It is our belief that neither the data in the handbook 
charts nor the data in this paper can be applied to all other 
cupola operations with quantitative accuracy. The principles 
and relative effects can be applied, but every variable has its 
effect and must be recognized. 

C. R. Istem:* What type of pyrometer was used to measure 
spout temperatures? 

Mr. Carson: An optical pyrometer calibrated against an 
immersion pyrometer was used in this case. 

Mr. Ister: Does the author think that there is any value 
to study of the composition of cupola stack gases and their 
effect on cupola operation? 

Mr. CARLSON: Stack-gas analyses give valuable information. 
They are routine on production cupolas in the authors’ foundry, 
but were not included in this investigation. 

Mr. IsLe1s: Does the author prefer front or back slagging? 

Mr. Carson: I prefer front slagging. 


1 Consulting Engineer, The Whiting Corp., Harvey, Ill. 
2 Research Metallurgist, International Nickel Co., Bayonne, N. J. 
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OF RIMS IN MALLEABLE IRON 


H. A. Schwartz* and J. D. Hedberg** 


ABSTRACT 


The progress of graphite formation, while annealing malleable 
iron between A, stable and A, metastable temperatures, has been 
examined near the surface of a fairly heavy casting. 

The mechanism in the outer 0.08 in. or 0.10 in. is different 
from that in the interior, and slower. Within the outer 0.08 in. 
the process is somewhat uniform, except immediately next to 
the surface. 


Schwartz, Bock and Hedberg in their paper 
“Graphitization in the Malleable Iron Industry,’’+ 
confined themselves to the graphitizing reaction in 
the interior of hard iron castings. Formation of rims 
was dismissed at the time for future investigation. 

There is no bibliography on rims in malleable iron 
beyond the fact that selective freezing produces low- 
carbon edges on white cast iron. An illustration can 
be found in Fig. 11 of “The Solidification of Metals” 
by H. A. Schwartz, AFA Transactions, vol. 53, p. 7 
(1945). 

The mechanism, and consequently the time- graph- 
ite relation, in such a rim must be decidedly different 
in surface layers from those applicable to the more 
usual, interior, white iron structure. This paper ex- 
plores the fundamentals of the graphitizing process in 
rims. The paper is not a thorough study of the effects 
of the many variables on their graphitizing rates. 
The whole subject is of vital importance, for pearlitic 
rims are presumably the most significant cause of com- 
plaints by users of malleable iron castings. 

In this preliminary experiment the authors used 
white cast iron having the composition shown in 
Table 1. 











TABLE 1—ANALYysIS OF TEST METAL 
Element Content, % 
Carbon 2.50 
Silicon 1.29 
Manganese 0.57 
Sulfur 0.203 
Phosphorus 0.084 
Chromium 0.042 
Boron 0.0032 











* Asst. to V. P. in Charge of Production and ** Metallurgist, 
National Malleable & Steel Castings Co., Cleveland. 
+AFS Transactions, vol. 61, pp. 228-242 (1953). 


282 


The material was cast into blocks 4 in. & 3 in. x 
114 in.; one 3-in. & 4-in. face (in the drag) was cast 
as smooth and flat as possible. The authors were 
limited to sand molds to avoid confusion due to “‘pre- 
quenching.” This might have resulted, especially in 
the outer layer, from the use of chills, unusual mate- 
rials or other variables. 

Successive layers, each 0.02 in. thick, were planed 
from the surface and analyzed for total carbon and 
graphite, with the results shown in Table 2. 


-ANALYSIS OF METAL AT VARIOUS DEPTHS 
FROM SURFACE OF CASTING 


TABLE 2- 





Mean Depth, in. % Total Carbon % Graphite 





0.01 1.10 0.20 
0.03 2.20 0.35 
0.05 2.46 0.06 
0.07 2.52 — 
0.09 2.50 0.03 





The usual mechanism of first stage graphitization is 
inconsistent with the composition of the outer layer, 
or perhaps two layers. They could at best produce 
very little result, for the carbon content approaches 
the solubility limit at ordinary first stage annealing 
temperatures. 

The authors limited their study to the intermediate 
stage discussed at length in the first reference. From 
the location of this temperature zone, which seems to 
coincide with that between the A, stable and meta- 
stable points, the authors have heretofore accepted 
the decomposition of austenite into graphite and 
ferrite as the reaction occurring in this range. The 
authors will consider also another process, believed 
to be the crystallization of graphite from a super- 
saturated solution in iron. 

In the past the authors used 1420 F as the upper 
limit of the intermediate stage annealing zone. They 
investigated the product after it attained equilibrium 
at that temperature. The authors excluded the effect 
of decarburization by choosing the following heat 
treatment: 

A piece of the block, usually one-half, representing 
the entire thickness, was packed in a capped 3-in. X 
7-in. pipe nipple in white iron crushings. The con- 
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tainer was heated to 1650 F in about ¥% hr and held 
about 70 hr. It was then cooled with the furnace at 
47 F/hr to 1420 F, and thereafter as required by the 
experiment. Other preliminary observations had 
shown that a 40-hr hold followed by a 32 F/hr cool 
was metallographically slightly insufficient, showing 
traces of cementite. The selected heat treatment ori- 
ginally yielded cementite-free material, though traces 
of carbide were later encountered in some of the ex- 
periments. The “combined” carbon by either treat- 
ment was, however, the same on the samples cooled 
as rapidly as possible in the pipe. 

From 1420 F the container was cooled at 20 F/hr, 
9.5 F/hr, or 4.5 F/hr in three separate experiments. 
In a fourth, the pipe was removed from the furnace 
and cooled in an air jet to preserve the carbon con- 
centrations. The authors did not, however, quite suc- 
ceed in suppressing ferrite precipitation and the “com- 
bined” carbon contents after this heat treatment are 
presumably a little low. 

After heat treating, successive 0.02-in. layers were 
planed off as was done for the hard iron, The ‘“‘com- 
bined” carbon was determined by the A.S.T.M. differ- 
ence method, making allowance, however, for a slight 
attack of graphite by nitric acid which the authors 
found to exist. In general, the total carbon recovered 
in the chips is less than that of the original material 
due to mechanical loss of graphite in planing. This 
loss, however, affects total carbon and _ graphite 
equally; hence it is without effect on “combined” 
carbon concentration. 


Fig. 1— Graphs showing 
combined carbon content 
at distances below the sur- 
face of specimens sub- 
jected to different cooling 
conditions. 
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The data are shown graphically in Fig. 1, together 
with smooth trend lines put in by inspection. A little 
scrutiny shows that although the 0.07-in. and 0.09-in. 
mean depth layers below the surface are completely 
graphitized by the 9.5 F/hr cooling rate, the surface 
layer still contains a prohibitive amount, almost. 0.30 
per cent “combined” carbon, and this concentration 
is decreasing siowly. As a help toward finding a solu- 
tion of this difficulty, the authors sought in this paper 
better to understand what the difference may be in 
the graphitizing process at the surface and within the 
casting. 

The curves of Fig. 1 might be considered consistent 
with a logarithmic relation of per cent “combined” 
carbon and distance below the surface, Since the layer 
at a mean depth of 0.09 in. represents the interior of 
the casting, one would expect for it a logarithmic re- 
lation of “combined” carbon and time. Time through- 
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out this paper is not known as absolute units, for the 
authors do not know the width of the critical range. 
The authors speak only of relative time, meaning the 
reciprocal of the cooling rate and regarding 10 C/hr 
(20 F/hr) as unit time. 

An attempt to express log per cent combined car- 
bon in terms of depth and relative time as a warped 
surface (hyperbolic paraboloid) where the relation to 
either variable separately is a straight line, whose 
slope depends on the other variable, did not agree 
satisfactorily with the observations and had to be 
rejected. 

Gamma Iron Solutions in Equilibrium 


The “combined” carbon for maximum cooling rate 
agrees rather well at the surface with the expected 
solubility in the metastable system and that at the 
center with the composition of the stable eutectoid. 
The simplest explanation of intermediate values, at 
intermediate depths at 1420 F, is that some areas rep- 
resent gamma iron solutions in equilibrium with 
cementite, and other solutions in equilibrium with 
graphite, resulting in sampling of a mixture of the 
two whose composition depends on their relative 
amounts. These relative amounts are calculable. 

If these two kinds of solutions graphitize as though 
the other were not present, we can make a similar 
calculation based on compositions of the outer and 
inner layers at each of the cooling rates. Such calcula- 
tions come out somewhat erratically and are not too 
reliable for they each involve the observational error 
on three “combined” carbon determinations. For 
what they are worth, they represent some drift toward 
relatively more decomposition products of the stable 
system as time goes on. 

The data seemed to fit (by least squares) a loga- 
rithmic curve to the decrease in “combined” car- 
bon in the inner layer. This could be used as the 
basis for determining the rate of decomposition of 
what was the stable solid solution above A, stable, 
into ferrite plus graphite between A, stable and A, 
metastable temperatures. The result was a bull's eye 
graphitic structure. The explanation for the reaction, 
not being instantaneous on passing through the criti- 
cal point, is the time required for carbon migration. 

Knowing the amount of “combined” carbon de- 
stroyed at a given time, we know also the amount of 
graphite liberated. Knowing the decrease of “com- 
bined” carbon at any other layer at a given time, we 
know the total per cent graphite liberated. Deducting 
that graphite liberated from the stable solid solu- 
tions, we know the amount liberated from the meta- 
stable solid solution and the fraction of that solution 
decomposed under given circumstances. 


Decomposition of Metastable Solution 


Fractions of the original metastable solution de- 
composed in a given time for the second, third and 
fourth layers were -practically identical; the amount 
was proportional to the cube root of the relative time. 
Relative time is proportional to the reciprocal of the 
cooling rate and taken as unity at 20 F/hr. The agree- 
ment of the observational values with this equation is 
good. 

Data for the first layer are too few to establish a 
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GRAPHITIZATION OF RiIMs IN MALLEABLE IRON 


Fig. 2—Photomicrographs showing microstructure of samples from the surface down to depth of 0.02 in. from the sur- 
face or edge of sample. Cooling rates of samples were as follows: A, max; B, 20 F/hr; C, 9.5 F/hr; D, 4.5 F /hr. 


curve, but assuming the proportionality of fraction 
decomposed and the cube root of relative time, the 
coefhcient of proportionality is close to three-fourths 
that computed for the next group of three layers. 

We thus have three equations determining the frac- 
tion of the solution originally present decomposed in 
various times expressed in relative units. 


Stable solutions log % remaining = 2.0000 — 0.7342 T (1) 
Metastable solutions 

Outer layer—%, decomposed = 41. T1/8 (2) 

Next layer —-% decomposed — 54, T1/8 (3) 

The authors are wnable to explain the form of 
equations (2) and (3). It cannot be mistaken for the 
relation deduced for us many years ago by the late 
Arthur S. Hathaway for the carbon concentration of a 
sphere initially of uniform concentration precipitating 
its carbon on a small particle at its center. 











R=@ 
a —h?t - — 1)?x? 
K, = 6 Be (2n — 1)4n4 
16 
a=] ‘ 


Nor can the difference between equations (2) and (3) 
be related to graphite separated on freezing as shown 
in Table 2. The authors observed this subsurface 
graphite to be the rule rather than the exception in 
thick sections. 


Progress of graphitization in the outer layer is 
shown in Fig. 2. The photomicrographs show micro- 
structure of the sample from the surface down to a 
depth of 0.02 in. from the surface or edge of sample. 
Cooling rates of samples were as follows: A—Max; 
B—20 F/hr; C—9.5 F/hr; D—4.5 F /hr. 

In the quickly cooled specimen the metallic matrix 
is completely pearlitic. Either the stable or meta- 
stable solution would have decomposed to pearlite 
below A, metastable. There are some rejections of 


1 , 
ferrite. In the layer shown these are adjacent to pri- 
mary graphite or on grain boundaries; in the inner 
layers they surround occasional temper carbon nod- 
ules. 

Cooled at 20 F/hr, there is a great increase in fer- 
rite by the usual “bull’s eye” pattern which extends 
partially into the outer 0.02-in. layer. At the extreme 
edge there remains a band of pearlite in which there 
is a network of ferrite grain boundaries developed 
but little more than in the original condition. 

At the 9.5 F/hr cooling rate, the “bull’s eyes” have 
crept outward further into the surface layer and some 
temper carbon dots now seem to exist closer to the 
surface than before. The grain boundary ferrite is no 
longer in evidence, faster cooling rates may be re- 
quired for its occurrence. 

At 4.5 F/hr the conditions are similar, though the 
pearlite in the outer band seems to have decreased. 

It is evident from the photomicrographs that the 
original surface was not perfectly flat and the metal- 
lographic structures do not conform rigidly to layers 
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of uniform thickness. Our data have the significance 
of statistical averages. The relatively slow graphitiza- 
tion of the outer 0.02 in. seems to be due to the per- 
sistence of pearlite in a thin skin, when the original 
carbon was lowest. 

The decomposition of the solid solution is never 
complete whereas the reaction measured by equations 
(2) and (3) reach 100 per cent at finite times. For 
significant amounts of undecomposed solutions, how- 
ever, equation (1) is faster than equations (2) or (3). 

The authors’ study of the data has postulated the 
presence of austenite in the four outer layers without 
being able to explain on the basis of carbon content 
why the phases in the third and fourth layers should 
differ from the fifth. 

The metallographic evidence has shown that the 
outer layer seems to graphitize by two mechanisms 
a slow process next to the skin and a somewhat faster 
one similar to that in the next few layers inward. 

Any hypothetical elaboration based on these ob- 
servations is premature. The authors hope merely to 
state what must be considered in studying the graphi- 
tization of rims. 
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ADDENDUM 

After the preparation of the paper it occurred to 
the authors that the data of Figs. 26 and 32 of 
“Kinetics of Graphitization’’ by Brown and Hawkes 
(Transactions, AFS, vol. 59 (1951) might be used to 
test whether the logarithmic decrement law is justified 
and adequate. 

Dr. Brown kindly put at the authors’ disposal the 
numerical data used in plotting his figures. Replot- 
ting on semi-log and on log-log paper did not permit 
us to decide between the relation we used and a 
decrease in combined carbon proportional to the 
square of the time. 

While the authors consider the Brown and Hawkes 
assumption of the similarity of these curves in the 
figures as justified both a priori and by their observa- 
tions we could not apply them to a decision as to 
the curve form. There is some indication that the 
quadratic relation does not persist when graphitiza- 


tion approaches completion. 











SELECTION AND MULLING OF SYNTHETIC SANDS 


By 


C. E. Wenninger* 


ABSTRACT 
This paper has been designed to stimulate thinking with 
regard to what is fundamental to foundry sands and sand 
control measures. A concept derived from the refractories in- 
dustry has been defined and discussed with respect to its appli- 
cation to the selection and preparation of synthetic foundry 


sand mixtures. 

In the course of discussion it has been made evident that 
such a concept for dynamic orderly packing during mulling can 
be used to provide an explanation for the rather surprising 
characteristics of so-called 4-sieve sands. 

No experimental evidence or data have been included to 
support the applicability of this concept to foundry sands. 
However, the opinions expressed were submitted to ceramic 
authorities before being included in this paper. 


Introduction 


The objective of this paper is to stimulate think- 
ing with respect to what is fundamental to foundry 
sands and sand controls. In recent years the writer 
has been interested in developing a hypothesis to link 
ceramic science with foundry art. Study has disclosed 
a key concept from the refractory industry can be 
used to establish a scientific basis for the selection 
and mulling of synthetic foundry sands. An attempt 
will be made to define the nature of this concept, and 
discuss its practical applicability, 


General Discussion 


Speculation has arisen as to whether it would not 
be better to consider the subject as falling within the 
province of ceramic science; particularly that portion 
of the science dealing with the manufacture of re- 
fractory materials and products. However, up to now 
little has been contributed to advance the matter 
beyond the realm of speculation. 

Working Hypotheses—The writer has long advocat- 
ed the use of constructive imagination and analytical 
reasoning to project working hypotheses. Such hy- 
potheses are abstract mental pictures of the manner, 
or means, whereby reactions, relationships, and mech- 
anisms, may be integrated to satisfy both scientific 
concept and practical fact. Working hypotheses are 
of real value in guiding the course of research; and 
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promoting thinking and discussion with regard to 
what is truly fundamental to a particular subject or 
problem.? 

The problem of projecting a hypothesis to link 
ceramic science and foundry art was analyzed along 
the following lines. On one hand, information was 
available with regard to the rather surprising per- 
formance of so-called 4-sieve sands. On the other 
hand, the emphasis on 4-sieve distributions indicated 
a ceramic concept for orderly packing might be ap- 
plicable to explaining the characteristics of such sands. 
It was concluded an acceptable hypothesis should 
provide an explanation for the manner, or means, 
whereby the grain distribution of a 4-sieve sand con- 
tributes to the presence of orderly packing in a ram- 
med sand mass. 

Concept for Orderly Packing—lIt is generally known 
that a concept for orderly packing has existed within 
the refractory industry for many years. Detailed dis- 
cussions of the concept are to be found in most text 
books on the manufacture of refractory products. 
Briefly, the concept embraces the manner in which the 
sizing and shaping of aggregate particles contributes 
to the presence of orderly packing in a refractory 
shape or matrix. By promoting the presence of order- 
ly packing, the ceramist obtains an improvement of 
density and stability from the physical arrangement of 
aggregate particles as well as from the addition of 
binders to fill voids and cement particles together. 

Seemingly, the concept should be equally applicable 
to the selection and preparation of foundry sands for 
semi-permanent refractory shapes in the form of molds 
and cores. In recent years, we have discovered that 
factors such as grain shapes and distribution, rammed 
densities and surface stabilities, do influence the cast- 
ing results obtained with foundry sands. 

That the concept has been largely ignored up to 
now can be attributed to the following. Under the 
influence of traditional thinking, foundrvmen have 
been mentally conditioned to view prepared sands as 
being composed of individual grains coated with 
bond. Likewise, it has been customary to consider 
rammed mold and core surfaces as representing rather 
haphazard mixtures of various sizes of sand grains. 
Naturally, such thinking has tended to bar considera- 


54-34 





a as. eelUC DlC(<CWCU ee lOUceeklC CO 


= .) = 4 fo - me, 


-_- wm 





r AW FF 


' — 


= 


es Se 6) 6) ae 





C. E. WENNINGER 





OBLIQUE VIEWS 


SIMPLE CUBIC SIMPLE RHOMBIC 


Fig. 1—Types of packing uniform spheres from one 
sieve (1-component system). 


tion of a concept for orderly packing as being applica- 
ble to foundry sands. 

Use of Analytical Reasoning —The problem was at- 
tacked by first considering the requirements of order- 
ly packing.* Subsequently, analytical reasoning was 
used to establish the validity of traditional thinking. 

Suffice it to state that eventually it was conceded 
traditional thinking has been correct with respect to 
conditions that have prevailed in the past. However, 
over the years we have moved from using natural 
sands with high bond content to synthetic sands with 
a comparatively low bond content. In more recent 
times, we have insisted upon being supplied with 
washed and dried sands graded to specific distribu- 
tions. In a like fashion, we have progressed from cut- 
ting sand heaps by hand through simple mixing 
equipment to machines designed to both thoroughly 
mix and intensively mull a foundry sand mixture. 

As with most complex matters, the logical solution 
to the problem was found to be quite simple. Briefly, 
while empirical experience has brought about suc- 
cessive changes in practices and methods, we have 
failed to keep abreast of these changes by altering our 
viewpoints and thinking. Because of the influence 
exerted by traditional thinking, we have failed to 
appreciate that we have been progressively moving 
towards selecting and preparing synthetic sands in ac- 
cordance with concepts that have prevailed within 
the refractories industry for years. Once the essential 
correctness of the foregoing statement becomes evi- 
dent, one can conceive of orderly packing being pro- 
moted in synthetic sand mixtures to the same degree 
that it has been promoted in the preparation of re- 
lated refractory aggregates. All that is required is that 
we bring our thinking up to date, gain a better under- 
standing of pertinent ceramic concepts, and continue 


the transformation of practices and methods to where ' 


they will more fully satisfy the requirements of such 
concepts. 

A Key Concept —It is believed most students of 
fundamental matters have overlooked the fact that 
the original ceramic concept for orderly packing has 
been modified with the introduction of new methods 
and equipment within the refractories industry. The 
ceramist no longer conceives of orderly packing as 
being established within a mold by ramming forces. 
The more modern concept holds that through a dy- 
namic grouping and packing of compatible particle 
sizes during mulling, an aggregate is predisposed 
towards orderly packing before it is ever discharged 
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from a muller and placed in a mold. 

If this modified key concept is applied to foundry 
sands, one can better understand how the selection 
and preparation of base sands limits or amplifies the 
influence of such factors as grain shapes and distribu- 
tions, mulling pressures and cycles, rammed densities 
and bond strengths, upon the casting characteristics 
of prepared sand mixtures. 


Some Theoretical Relationships 


To develop the applicability of this concept for 
dynamic orderly packing during mulling, one must 
consider some theoretical relationships and then re- 
duce matters to a more practical level. Therefore, let 
us consider the packing potentialities of true spheres 
such as glass beads. 

With a mass composed of uniform spheres, or beads, 
of a certain sieve size, (a l-component system) one 
can visualize the beads as packing to create either 
simple cubic or rhombic formations (Figs. 1A, 1B). 
By placing a layer of four beads in true vertical align- 
ment above another layer of four beads, one secures 
an example of simple cubic packing (Fig. 1A). This 
type of packing is physically unstable in that the 
natural tendency is to shift from cubic to rhombic. 
If one shifts the upper layer so that one of its com- 
ponents rests in the pocket common to the four beads 
in the lower layer, an example of simple rhombic 
packing is created (Fig. 1B). 

Returning to the example for cubic packing, one 
perceives there is space within the center of the forma- 
tion into which a smaller sphere can be fitted. If a 
sphere of proper size is inserted into this cavity, one 
finds it can contact all of the eight larger spheres with- 
out distorting the geometrical perfection of the cubic 
structure; and a 2-component system has been created 
(Fig. 2, A and B). Similarly, one could diagram an 
example for the simple rhombic type of formation and 
show that it, too, is capable of including a sphere 
within an internal cavity enclosed by the larger 
spheres. However, in comparison we would find the 
included sphere in the rhombic formation to be 
smaller than the included sphere within the cubic 
formation. 

If we assume we are dealing with perfect spheres of 
diameters equal to standard sieve openings, we can 
restate the foregoing in more practical terms. With a 
cubic formation composed of large spheres, a sphere 
from the next smaller sieve will just fit into the cubic 
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Fig. 2—-Body-centered cubic type of packing of uniform 
spheres from two adjacent sieves (2-component system). 
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cavity. With a rhombic formation created from the 
same large-size spheres, a sphere from the second- 
smaller sieve will just fit into the rhombic cavity. 
Thus, if we assume we are dealing with large spheres 
equal to a No, 70 sieve opening, we find a sphere from 
the No. 100 sieve is compatible with the creation of 
cubic formations while it requires a sphere from the 
No. 140 sieve to be compatible with the creation of 
rhombic formations. 

Discussions could be extended to include the more 
complex orderly packing arrangements peculiar to 3-, 
4-, 5-, and 6-component systems.* However, for reasons 
to be given later, it is believed orderly formations 
from 2-component systems predominate when mixing 
and mulling is applied to foundry sands, Essentially, 
all that is required is the reader comprehend that or- 
derly formations can be created when compatible sizes 
of aggregates are geometrically aligned and packed 
together. 


Physical Improvements 


It has been noted that the physical improvements 
that accompany the promotion of orderly packing are 
of importance to the ceramist. If we return to a con- 
sideration of Fig. 2, (and continue to assume we are 
dealing with spheres from No. 70 and No. 100 sieves) 
we find that placing a No. 100 sphere within the cubic 
cavity formed by the No. 70 spheres technically trans- 
forms the formation from simple cubic to a body- 
eentered-cubic type of formation. 

Next we note the rigidity and stability of the forma- 
tion has been increased because the smaller sphere 
serves as a “key” between the two layers of larger 
spheres. A shift from simple cubic to simple rhombic 
alignment is no longer possible. Further, the smaller 
sphere is occupying space that could be filled by in- 
effective bond. Maximum efficiency and economy re- 
quires binders be present as coatings on aggregate 
components, and not be wasted in filling void space. 
Finally, it should be evident the points of sphere-to- 
sphere contact (the areas where bond adhesion is most 
effective) have been increased from 12 in the simple 
cubic formation to 20 in the body-centered cubic for- 
mation. 

If we assume increasing contact points between 
spheres promotes better adhesion throughout a mass 
as a whole, we can postulate the creation of the body- 
centered-cubic formation has contributed a 66.6 per 
cent increase in strength potentials with respect to 
improving bond efficiency. When we comprehend the 
manner in which orderly formations contribute to 
potential increases in density, rigidity, stability, and 
bond efficiency, we appreciate why the promotion of 
orderly packing is so desirable to the ceramist. 


Mixing and Mulling 


It is possible for a body-centered cubic type of for- 
mation to be extended indefinitely by adding spheres 
to its exterior. When an initial nucleus is enlarged 
in such fashion, it becomes apparent that the struc- 
ture of the formation is composed of equal numbers 
of large and small spheres. Theoretically, it should be 
possible to create a product composed entirely of or- 
derly formations by placing equal numbers of com- 
patible spheres in a muller, adding bond and mois- 
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ture, and subjecting the mixture to both mixing and 
mulling over a period of time. 

Mixing without mulling may coat individual 
spheres with bond and disperse different sizes through- 
out a mass. However, it is believed little will be con- 
tributed towards establishing any permanent degree 
of orderly packing within the mixture. With spheres 
dispersed in positions that will satisfy geometrical re- 
quirements, pressure must be applied to force them 
into bonded close-packed formations. After pressure 
has been applied, orderly formations become resistant 
to deformation during subsequent mulling action. 
But such is not the case with non-orderly formations 
possessing less stability in the presence of force. 

The shearing, smearing forces applied by the action 
of plows and mullers serve to destroy continuously 
such groups until the component spheres become part 
of more stable formations. Obviously, the number of 
individual orderly formations, or geometrical colonies, 
established within a mixture is dependent both upon 
mechanical action and time. With constant action and 
increasing time, more and more spheres have the op- 
portunity of becoming incorporated into stable col- 
onies. 


Flowability and Ramming 

It has been noted that a colony nucleus can expand 
in all directions as additional spheres fit themselves 
to its exterior faces, However, there is a limit to colony 
growth. With ever increasing mass, large colonies be- 
come susceptible to fracturing under impact from 
mullers and plows. This limiting factor contributes 
to the creation of a great number of small colonies 
more or less alike with respect to size and shape. Upon 
being discharged from a muller, such colonies may 
appear to be nothing more than very small lumps, or 
clusters, of aggregate. Subsequent to discharge, the 
application of mechanical aeration to a mixture may 
establish an even greater degree of uniformity with 
respect to the sizes of individual colonies. 

If flowability is defined in terms of resistance to 
compaction, the presence of orderly packing within 
a mixture should contribute to increased flowability. 
The greater the number of individual grains incorpor- 
ated into colonies, the greater should be the ease 
with which the mixture responds to compacting forces. 
The combining of spheres into orderly formations 
greatly reduces the effective surface area of individual 
spheres and the ability of the spheres to contribute 
to frictional resistance within a mass. In other words, 
100 colonies composed of 10 spheres per colony can 
never approach the resistance potential possessed by 
1000 individual spheres with fully exposed surfaces. 

It requires but a slight degree of rotation to align 
cubic forms one with another. Therefore, the presence 
of orderly packing facilitates the orientation of com- 
ponents when a mass is being rammed to shape. One 
can visualize colonies being orientated with respect 
to their neighboring colonies; with the whole being 
compacted to a shape possessing greater density than 
obtainable from the orientation and compaction of 
innumerable spheres arranged in a haphazard mannet. 

The ability of colonies to respond to orientation, 
plus their possessing less resistance to compacting 
forces, facilitates the transmission of ramming forces 
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Fig. 3—Relative sizes of spheres from two adjacent sieves 
(Diameter of each sieve 73.2% of that for preceding 
sieve). 


from one area of a mold to another. Thus, it is possi- 
ble to ram colonies to a maximum in compaction 
beyond which the continued application of ramming 
effort has but little effect. Of course, one can antici- 
pate the colonies located at a distance will not be com- 
pacted to the same degree that prevails within regions 
adjacent to where force is being applied. However, 
the superior ability of colonies to transmit force re- 
sults in less differences in degree of compaction than 
can be obtained from mixtures possessing spongy non- 
orderly distributions. 

While it is theoretically permissible to visualize per- 
fect integration between adjacent colonies, it is more 
logical to view a rammed shape as being held together 
by a complex network of interlocking colonies. Minute 
discontinuities present between some colonies have 
but little effect upon the ability of a shape to reflect 
the density and stability it inherits from its component 
colonies; assuming the shape has been rammed to 
maximum compaction. 


Summary of Theoretical Discussion 


The implications of the foregoing theoretical dis- 
cussion can be summarized, as follows. 

‘1. Orderly formations (systematic groupings) can 
be obtained from 1-, 2-, 3-, 4-, 5-, even 6-component 
systems. Orderly formations are created when com- 
patible sizes of aggregates are positioned to satisfy 
geometrical alignments, and then compacted together. 

2. Promotion of orderly packing within an aggre- 
gate mixture contributes to potential increases in 
density, stability, bond efficiency, and strength, in the 
final product. 

3. Promotion of orderly packing within an aggre- 
gate mixture is dependent upon subjecting a properly 
graded aggregate to thorough mulling. The number 
of formations, or colonies, established within a mix- 
ture during mulling is relative to both mechanical 
efficiency and time. 

4, The presence of colonies within a prepared mix- 
ture after it has been placed in a mold and subjected 
to a compacting force contributes to the following 
effects or results. 

(a) Swifter orientation of mass components. 

(b) Lower internal frictional resistance to compaction. 
(c) Quicker response to intial application of com- 

paction. 

(dq) Better transmission of compaction forces. 

(e) Greater uniformity in compaction from area to 

area. 

(f) Greater density with maximum compaction. 
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(g) A rammed shape reflecting the density and stabil- 
ity of its components after they have been ram- 
med to maximum compaction. 


Practical Application 


Having defined the theoretical aspects of a concept 
for dynamic orderly packing during mulling, we can 
now consider its practical application to the selection 
and preparation of synthetic sands, The concept is 
not applicable to natural sands. Most natural sands 
contain a high percentage of clay and silt-like materi- 
als; and mulling is used to plastieize the clay and 
create rather thick coatings upon individual grains. 
Upon being rammed together, portions of the clay 
coatings are forced into the voids between adjacent 
sand grains. As a generalization, one can state that 
the density and stability of natural sands is more de- 
pendent upon bond than distribution of sand grains; 
synthetic sands are more dependent upon distribu- 
tion of grains than bond. Mulling is required to de- 
velop the characteristics of both. 

As stated in previous discussion, it is believed the 
types of orderly formations peculiar to 2-component 
systems tend to predominate in prepared sand mix- 
tures. If we returned to a consideration of the body- 
centered-cubic type of formation, we might deduce 
that a base sand should have its grain distribution con- 
centrated upon two adjacent sieves. Also, since such 
formations are created from equal numbers of the two 
different sizes, mathematical calculations could be 
used to determine a two-sieve sand should have about 
71.8 per cent by weight on its No. 70 sieve; about 28.2 
per cent on its No. 100 sieve. However, we were deal- 
ing with ideal conditions with respect to the shapes 
and sizes of our theoretical components. It was as- 
sumed the spheres from each sieve were uniform with 
a perfect differentiation between the two sizes present 
in a mixture, Unfortunately, graded sands are unable 
to meet such standards of perfection. 


Grain Distributions—Laws of Probability 


Many foundrymen assume a sieve analysis sharply 
defines between the different sizes of grains comprising 
a sand base. Actually, such is not the case. On any 
particular sieve one finds grains ranging from those 
just able to pass through the preceding sieve to those 
just unable to pass through to the following sieve 
(Fig. 3). For example, a No. 70 sieve can contain grains 
but slightly smaller than the openings in the preced- 
ing No. 50 sieve; with sizes ranging downward to 
grains just slightly larger than the openings in the 
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Fig. 5—Schematic portrayal of adjusting sieve distribu- 
tions and grain sizes to promote probability of orderly 
packing. 


No. 70 sieve. Because of this lack of sharp differentia- 
tion between the grains on adjacent sieves, it is im- 
possible to simply screen a sand and secure grains of 
uniform size on each of two successive sieves (Fig. 4). 

Obviously, it would simplify matters if we could use 
a screening operation to attain theoretical perfection. 
However, from a more practical viewpoint it is not 
necessary that we do so. We can circumvent this nat- 
ural limitation if we (a) restrict grain distributions 
to a number of adjacent sieves, (b) alter sieve per- 
centages to achieve a rough balance between grains 
capable of performing like our larger theoretical 
spheres and grains capable of performing like our 
smaller theoretical spheres, and (c) trust the laws of 
probability will be operative throughout a mulling 
cycle. 

With time and intensive mulling, compatible grains 
from the large-size and the small-size groups are af- 
forded the opportunity to find each other; and com- 
bine to create orderly formations. In other words, by 
restricting the grain sizes and distribution of a base 
sand it is possible to amplify or limit its ability to 
contribute to a promotion of orderly packing during 
mulling. 

We cannot obtain a two-sieve sand with 71.8 per 
cent on its No. 70 sieve and 28.2 per cent on its No. 
100 sieve, but we can use these figures to guide us 
in selecting from available washed and graded sands. 
It should be evident we want a large concentration on 
one particular sieve with diminishing percentages on 
the following sieves. Further, we can increase the 
probability of combining compatible grains if we 
limit the presence of too-large and too-small grains. 

As a first approximation, we might attempt to find a 
sand with a distribution such as— 


50.0 per cent 
35.0 per cent 
15.0 per cent 


100.00 per cent 


Se oe 
No. 100 sieve 
No. 140 sieve 


It is more likely we will settle for a sand with a 
distribution close to the following. Base sands with 
this type of distribution are being used in a number 
of foundries at present; and they seem to be giving 
good results, 


NO. 140 SIEVE 20% 
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10.0 per cent 
40.0 per cent 
30.0 per cent 
20.0 per cent 


100 per cent 


No. 50 sieve 
No. 70 sieve 
No. 100 sieve 
No. 140 sieve 


The above distribution has been diagrammed (Fig. 
5) to provide a visual presentation of diminishing per- 
centages on successive sieves. In the absence of grains 
coarser than the No. 50 sieve, and finer than the No. 
140 sieve, it is probable about 70 per cent of the 
total grains will tend to behave as large grains; about 
30 per cent will tend to behave as comparatively small 
grains. It should be noted the example is representa- 
tive of the much-discussed so-called 4-sieve sands. 


Influence of Grain Shapes 


While control of grain distribution is essential to 
promoting colony formation during mulling, an equal- 
ly important factor is the shape of individual grains. 
Our theoretical discussion dealt with true spheres— 
geometrical shapes that facilitate fast distribution and 
easy packing. Few, if any, sand grains are true spheres. 
Most possess non-uniform shapes and can be classified 
as being rounded, subangular, and angular types. 
Obviously, the well-rounded should be more compati- 
ble with promoting orderly packing than the sub- 
angular or angular types. 

Base sands from different localities differ from each 
other in that one type of grain shape tends to pre- 
dominate. However, such dominance is somewhat 
relative to the grading and sieve distribution confer- 
red upon a particular sand, Investigation has revealed 
that round grains are usually found on the No. 6 to 
No. 40 sieves; subangular grains upon the No. 50 to 
No. 140 sieves; angular grains upon the No. 200 and 
finer sieves. 

If we return to the suggested grain distribution 
(Fig. 5), it becomes evident that we are discussing a 
base sand predominantly composed of subangular type 
grains. Herein lies an explanation for why some 4 
sieve sands have been very successful while others 
have not performed so well. Sands from certain locali- 
ties are far more subangular than sands from other 
localities; and their individual grains do not lend 
themselves to readily creating orderly colonies dur- 
ing mulling. 

Artificially Rounding Grains 


With regard to subangular sands it should be noted 
their grain shapes can be improved upon in several 
ways. One method is to precoat individual grains with 
one of the various thermoplastic pitch or resin com- 
pounds. Another is to add the material to the sand 
at the muller. When repeatedly subjected to casting 
heat and mulling, such products form coatings that 
fill indentations and round out the contours of in- 
dividual grains. Grains artificially improved upon in 
this manner respond to mulling with a related im- 
provement in the characteristics of prepared sand 
mixes. Unfortunately, with the passing of time, the 
use of these products may be accompanied by some 
adverse effects. Additions have to be regulated to com- 
pensate for incoming uncoated core sand, and exces 
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sive additions may produce thick coatings on many 
grains. Small particles become embedded in such coat- 
tings to create “pickle-like” grains with rough, irregu- 
lar surfaces. As more and more grains acquire rough 
surfaces, the sand ceases to be compatible with order- 
ly packing and its casting characteristics suffer accord- 
ingly. A point may be reached where the sand has to 
be discarded or subjected to some form of reclamation 
treatment. 

One of the surprising side-effects of sand reclama- 
tion has been the discovery that some reclaimed sands 
possess characteristics superior to the original new 
sands. Investigation has indicated that this is attribut- 
able to the rounding of sand grains by impact and 
abrasion during reclamation. The effect has so im- 
pressed the foundryman he is advocating processing 
new sand through reclamation equipment before it 
is loaded and shipped to a foundry. The ceramic in- 
dustry long has used grinding and crushing mediums 
in sizing and shaping aggregate particles to improve 
the packing potentialities of ceramic mixtures. It is 
conceivable that someday foundrymen will advocate 
altering the natural shape of grains from certain de- 
posits so they better satisfy the promotion of orderly 
packing within synthetic sand mixtures. 


Practical Aspects of Mulling 


Experience has proven that thorough mulling of 
synthetic sand mixtures is essential, Seemingly, the 
concept for dynamic orderly packing during mulling 
explains why such has been the case. Mulling pres- 
sures contribute to the creation of orderly colonies 
while plowing and smearing forces are continuously 
destroying unstable, nonorderly colonies. 

In view of theoretical considerations it would seem 
desirable to use different pressures when mulling 
either core or molding sand mixtures. Excessive pres- 
sures and mixing actions could destroy orderly col- 
onies as fast as they are created. Again the concept 
provides an explanation for why experience has prov- 
en it necessary that mulling pressures be adjusted to fit 
different types of sand mixtures. 

Aeration subsequent to discharge is common prac- 
tice when preparing high-strength synthetic sands. In 
the light of the concept, no attempt should be made 
to reduce a mixture to individual grains. Better re- 
sults will prevail if the aerating equipment simply 
confers greater uniformity in size to the clusters, or 
colonies, of grains comprising a prepared sand batch. 

As noted several times herebefore, it is believed or- 
derly formations common to 2-component systems pre- 
vail in the preparation of foundry sands. The ceramist 
can deal with 3-, 4-, 5-, 6-component systems because 
he is willing to devote time in preparation to creating 
the formations peculiar to such systems. Because many 
foundrymen have insisted upon short mulling cycles, 
we have been forced to develop base sands compatible 
with a rapid creation of comparatively simple 2-com- 
ponent formations. 

Past advocates of 3-sieve and 5-sieve distributions 
should not be criticized for expressing their opinions. 
With proper mulling action and sufficient time, the 
laws of probability are effective in promoting orderly 
formations in mixtures made from such base sands. 
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It is believed the increasing popularity of 4-sieve 
sands reflects their ability to respond to mulling at a 
faster rate than base sands with other types of dis- 
tributions. 


Practical Evidence Supporting Applicability 

Most foundrymen have been unaware of the ex- 
istence of this concept; and little has been presented 
up to now to indicate its applicability to foundry 
sands as well as to refractory aggregates. However, 
empirical experience has brought about a progressive 
movement towards selecting and preparing synthetic 
sands in accordance with the requirements of the 
concept. 

In recent times, Schumacher*® has reported on the 
rather surprising characteristics of 4-sieve base sands 
being used in a number of foundries. The writer has 
had personal experience with the results being ob- 
tained with similar sands in other foundries. On the 
whole, the results have confirmed the belief that the 
concept is applicable to foundry sands. 

Without prior knowledge of the existence of the 
concept, Schumacher noted that in comparison with 
other types of base sands, and with the use of normal 
bond additions, rammed strengths were increased to 
surprisingly high levels, yet the prepared sands seemed 
to be quite flowable and were readily rammed to 
shape. Subsequent to ramming, it was discovered that 
mold hardnesses had increased; and the normal differ- 
ences between hardnesses of vertical and horizontal 
surfaces had been drastically decreased. The surpris- 
ing characteristics of the sands were reflected by de- 
creases in casting surface defects in most foundries. 

Evidence obtained by the writer indicates properly 
prepared 4-sieve sands are not prone to contribute 
to “hot-tearing’”’ despite high mold hardnesses and 
rammed densities. An explanation for this can be at- 
tributed to a point developed in theoretical discussion. 
The close-packing of orderly formations results in less 
bond being permitted to escape into void space when 
sand grains are compacted together. Conversely, more 
bond remains at points of grain-to-grain contact to 
absorb the physical effects of thermal expansion and 
contraction. It has been noted that bond additions 
made primarily to compensate for thermal effects are 
seemingly more efficient with 4-sieve sands than with 
other types. Obviously, if each point of grain to grain 
contact is cushioned to absorb 1/1000th of an inch of 
expansion, and with thousands of such points of 
contact present, a mass of properly prepared sand can 
absorb considerable thermal stress without surface 
failure. 


Practical Summation 

In summation, it can be stated the following practi- 
cal requirements must be considered when applying 
the concept to the selection and preparation of synthe- 
tic sand mixtures. 

(1) Base sands must possess grain shapes and distri- 
butions compatible with promotion of orderly packing 
during mulling. The better a sand satisfies these re- 
quirements, the more rapid will be its response to 
mulling. 

(2) A mixture ot base sand, bonds, and moisture 
must be mulled until it is predominantly composed of 
orderly formations, or colonies. The more thorough 
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the mulling, the greater the degree to which order- 
ly formations will be established within a mixture. 
The presence of numerous formations will be reflected 
by the superior physical characteristics conferred upon 
properly rammed cores and molds, 


Conclusion 

Within the preceding pages, a ceramic concept has 
been defined and discussed with respect to its applica- 
tion to the selection and preparation of synthetic 
foundry sand mixtures. 

As stated in the introduction, the objective of this 
paper has been to stimulate thinking with regard to 
what is fundamental to foundry sands. In moving 
toward this objective, pains have been taken to hold 
discussion at a level intermediate between the scien- 
tific and the practical. No attempt has been made to 
include substantiating data and information from 
research. The opinions expressed herein have been 
approved by recognized ceramic authorities. 
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DISCUSSION 


Chairman: JouNn Perkins, Ford Motor Co. of Canada, Ltd., 
Windsor, Ont., Canada. 

Co-Chairman: F. W. Jacoss, Texas Foundries, Inc., Lufkin, 
Texas. 

J. S. SchumMacHER (Written Discussion):* This is an excellent 
paper on how sand distribution affects ramming. The best 
known of the component systems at this time is the one re- 
ferred to as the four-screen spread. This four-screen com- 
ponent system has been used by a number of foundries for 
many years with surprising results, and most is known about 
its formulation, control and usage. Its value is found in found- 
ries’ ability to make a wide range of castings within this one 
given screen spread. 

Many excellent castings have been made with other than 
the above 4-component system, and the question might now 
be asked: “Is this due to orderly packing of these other type 
component systems?” No doubt a worthwhile contribution 
could be made by one of the AFS Committees in a study of 
the grain spreads required for the other component systems. 
In a paper titled “Pressure Molding in Standard Synthetic 
Sands” by Barlow and Adams (in this volume) they found 
that the four-screen component system produced the best results. 
Ihe writer agrees with their findings based on pressure (high 
uniform mold hardness) molding work with standard foundry 
equipment that he has done in several foundries. Again, here 
is further proof of Mr. Wenninger’s theory. 

A study of the various references is recommended and Mr. 
Wenninger should be congratulated on this very worthwhile 
contribution toward a better understanding of foundry sands 
and why they work, 


1 Chief Engr., Hill & Griffith Co., Cincinnati. 
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A TECHNIQUE FOR IMPROVING QUALITY 
OF INVESTMENT CASTINGS 


By 


D. G. McCullough, F. J. Webbere and R. F. Thomson* 


ABSTRACT 


The level of stress-rupture properties obtained for GMR-235 
alloy was raised and the spread in results was decreased by 
gating investment cast test bars in accordance with practices 
determined by study of fluid flow characteristics in transparent 
plastic mold models. An economical method was developed for 
reproducing irregular casting shapes in cast transparent plastic 
mold models. The method was extended to study of gating 
systems for investment cast multitple-gated turbine buckets. 


This paper describes a method which was developed 
to apply the technique of casting water in transparent 
molds for study of fluid flow to improve castings made 
by the investment process. An economical method 
is also described for reproducing irregular casting 
shapes in cast plastic mold models. 

Development of new cast alloy compositions which 
utilize separately cast test bars for evaluation of com- 
position and processing variables is dependent upon 
production of sound cast test bars. This problem was 
encountered at the General Motors Research Labora- 
tories in the development of a cast super alloy for 
application in jet engine components. The nominal 
composition of this alloy, GMR-235 alloy, is shown 
in Table 1. Initial investigations showed this alloy to 
possess superior high temperature properties as meas- 
ured by stress-rupture tests. Such tests consist of 
heating a test bar to some predetermined elevated 
temperature, loading it to a known stress, and meas- 
uring the time until rupture occurs. That time is 
known as stress-rupture life. Hot ductility is measured 
by the amount of elongation the bar undergoes dur- 
ing the test. 


TABLE 1—-NOMINAL CHEMICAL COMPOSITION OF CAST 
GMR-235 ALLoy 








Element % Element % 
Carbon 0.15 Iron 10.0 
Manganese <0.10 Aluminum 3.0 
Silicon <0.60 Titanium 2.0 
Chromium 15.5 Boron 0.075 
Molybdenum 5.25 Nickel Balance 








* General Motors Research Laboratories, Detroit. 
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Since cast turbine buckets, as shown in Fig. 1, are 
produced in investment molds, it is often necessary 
and desirable to produce cast test bars by the same 
method. 

During the development of GMR-235 alloy it was 
found that the spread in test values obtained from 
bars supposedly made under the same conditions was 
greater than the effect due to composition variation. 
Examination of cast test bars showed a wide variation 
in soundness. It, therefore, became necessary to de- 
velop a method for producting sound investment cast 
test bars. 

Study of fluid flow characteristics in the test bar 
mold was first undertaken by examination of high 
speed motion pictures which recorded the flow of 
mercury in a plaster mold which was sectioned to 
expose the mold cavity and was faced with glass. 
These initial experiments showed the flow conditions 
to be highly undesirable. However, information 
gained by this means of study was limited since only 
the surface of the fluid could be viewed and the mold 
cavity cross sections were distorted by sectioning. 





Fig. 1—Typical investment-cast turbine buckets. 
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Fig. 2—Investment mold clamped in pouring position on 
melting furnace. 


Results of AFS-sponsored investigations at Battelle 
Memorial Institute on principles of gating demon- 
strated the benefits to be gained by fluid flow studies 
with transparent mold models. The investigation 
had been so successful that it was decided to apply 
the method to study of gating systems for investment 
molds. 

For casting turbine buckets and test bars of GMR- 
235 alloy, preheated investment molds were placed 


GMR 235 ALLOY 
STRESS RUPTURE TESTS AT 1500°F AND 35,000psi 
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TYPICAL SPREAD OF RESULTS ON TESTS WITH 
BARS OF THE SAME TYPE “A MOLD 


Fig. 3—Typical spread of stress-rupture results obtained 

with test bars from previously used Type “A” molds. 

GMR 235 alloy. Stress-rupture tests at 1500 F and 
35,000 psi. 


IMPROVING QUALITY OF INVESTMENT CASTINGS 


on top of the melting furnace with the downsprue 
directly over the crucible. Figure 2 shows an invest- 
ment mold in position on top of an induction melting 
furnace. After clamping the mold securely in posi- 
tion, the entire mold-furnace assembly was inverted 
and the molten metal flowed by gravity into the mold. 
The pouring rate was governed somewhat by the 
speed with which the mold-furnace assembly was 
rolled over. This casting arrangement was used as a 
basis for the transparent mold studies. 


Test Bar Development 


A test bar development program was initiated by 
fabrication of a transparent plastic mold model, Com- 
ponents of the gating system were made detachable 
so various gating arrangements could be examined. 
The furnace crucible was also simulated in transparent 
plastic. Colored water was used to represent the 
molten metal. High speed motion pictures were taken 
at 1000 frames per second to aid in study of fluid flow 
in the mold model. 


First examination showed flow conditions in the 
mold model to be very poor. A series of fluid flow 
experiments were made to develop a better gating 
arrangement. As a result of this investigation, sound- 
ness of investment cast test bars was greatly improved. 
The spread of stress-rupture test data was reduced 
and test results were obtained at considerably higher 
levels. 

Typical spread of stress-rupture test results obtained 
with bars from the formerly used type “A” mold is 
shown in Fig. 3. Five stress-rupture tests were con- 


ducted at 1500 F and 35,000 psi with bars from the 





Fig. 4—Investment casting from a Type “A” test bar mold. 
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same mold. Rupture life varied from 3.5 to 118 hr. 
Hot ductility was determined to be from 2.2 per cent 
to 22.8 per cent elongation at rupture. 

Figure 4 shows an investment casting from a type 
“A” mold. It consisted of pouring cup and curved 
downsprue with a divided runner, Three 14-in. diam 
stress-rupture test bars were bottom gated from each 
side of the runner. A large riser was common to all 
six bars. Clusters of bend test pins for determination 
of room temperature ductility were located at the 
ends of the runner. 

The type “A” mold was simulated in plastic as 
shown in Fig. 5. Test bar cavities, ingates, runner 
and downsprue were fabricated of various diameter 
tubing. The riser was made of 14-in. thick sheet 
plastic and the pouring cup was machined from a 
block of solid lucite. All joints were made tight slip 
fits for easy assembly and disassembly. A large plastic 
tube was provided to represent the crucible. The 
mold and crucible models were held together prop- 
erly with tie rods. Furnace trunions were fixed in 
position and the assembly mounted for examination 
on the melting stand. 

Study of this type “A” mold model showed much 
turbulence was generated at the ingates when rapid 
rollover speeds were used. The rollover speed gen- 
erally practiced for the type “A’’ mold was determined 
to be too fast. Air was trapped at the division of the 
runner and subsequently found its way into the test 
bar cavities. Slow rollover rates reduced the turbulent 
condition at the ingates but did not eliminate trapped 
air in the runner. 

Various gating arrangements were examined with 





Fig. 5—Plastic mold model of Type “A” test bar mold. 





Fig. 6—Investment casting from a Type “J” test bar mold. 


transparent mold models for attainment of satisfac- 
tory fluid flow characteristics. During examination 
of flow characteristics in the models the following 
factors of mold design and casting technique were 
evaluated: 

1. Curvature of the downsprue. 

. Geometry of the runner system. 

3. Restrictions in gating arrangements. 

4. Gating of risers. 

5. Venting of mold cavities. 

6. Speed of rollover. 

After observation of nine gating systems, one was 
developed which bottom fed the castings without 
turbulence or entrapment of air and top fed the 
riser for feeding of the castings during solidification. 
This gating system was utilized in the type “J” mold. 
A casting from a type “J” mold is shown in Fig. 6. 

An enlarged pouring cup was provided. The 
curved downsprue joined a 45-degree cross-runner 
and a vent was placed at the end of the center run- 
ner. Side runners were of reduced cross section and 
ingates were located at the ends of the side runners. 
The large riser, common to all six test bar castings, 
was fed at both sides from the pouring cup. 

Black dye was placed in the runners from pouring 
cup to riser. The amount of liquid which entered the 
riser from the pouring cup and the time it occurred 
was determined by observing the flow of black liquid 
into the riser. This technique provided a unique 
means of studying the distribution of hot metal pro- 
vided to feed the castings during solidification. 

Study of the type “J” mold model showed that 
the entry of liquid into the riser from the pouring 
cup had to be critically located to effect uniform dis- 
tribution to all six test bars. The optimum location 
of the entry to the riser was found to be dependent 
upon the speed of the rollover. 

Soundness of test bars from type “J” molds was 
much improved. Stress-rupture properties were ob- 


no 








Fig. 7—Investment casting from a Type “K-2” test bar 
mold. 


tained at somewhat higher levels and the spread in 
test results was greatly reduced. However, shrinkage 
in the large riser was prone to extend down into the 
two test bars at the center of the bar arrangement. 
The type “K-2” test bar mold evolved directly from 
the type “]” mold after two further gating variations 
were examined. Figure 7 shows a casting from a type 
“K-2” mold. Dimensions of the test bars and gating 
system are shown in Fig. 8. The large common riser 
was abandoned and each test bar provided with an 
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individual riser. All risers were fed with hot metal 
through a center runner extending from the pouring 
cup. Entry of metal from the pouring cup to the 
risers was located on the side of the bars farthest from 
the downsprue. This arrangement allowed the test 
bar castings to bottom feed until metal rose to the 
bottom of the risers. A new hot metal stream was then 
admitted to the riser. The bottom runner system, 
proven satisfactory for the type “J” mold, was also 
used for the type “K-2” mold, 

Visual soundness of test bars cast in type “K-2” 
molds was comparable to that of bars from type “J” 
molds. However, stress-rupture test results obtained 
with test bars from type “K-2” molds were at still 
higher levels than those obtained with bars from type 
“J” molds. Figure 9 shows results of a controlled ex- 
periment to compare stress-rupture test results ob- 
tained with bars from the formerly used type “A” 
mold and from the “K-2” mold developed during this 
investigation. Metal for both molds was from the 
same master heat of GMR-235 alloy. 

Stress-rupture tests were conducted at 1500 F and 
35,000 psi load. Rupture life of tests representing the 
type “A” mold was from 40 to 168 hr; over 400 per 
cent spread in values and a 93 hr average duration. 
Elongation at rupture was 4.6 to 4.7 per cent. Tests 
with bars from the type “K-2” mold show rupture 
life of 257 to 289 hr. Average rupture life was 275 hr 
and the spread of these results was only 12.5 per cent. 
Hot ductility was increased to higher values of 6.2 
to 10.9 per cent elongation at rupture. 
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Fig. 8—GMR Type “K-2” invest- 
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Fig. 9—Stress-rupture results obtained with test bars 

from Types “A” and “K-2” molds showing increase in 

properties due to improved gating of the Type “K-2” 

mold. GMR 235 alloy. Master Heat MCM-2967. Stress- 
rupture tests at 1500 F and 35,000 psi. 


Development of an investment cast test bar of suit- 
able soundness allowed elimination of the previously 
experienced low test results and attainment of high 
temperature properties more truly representative of 
those inherent in the alloy. 

This significant increase in high temperature prop- 





Fig. 10—Two cast plastic mold models for study of 
entire gating systems. 








Fig. 11—Composite plastic mold model for study of in 
dividual gating components; turbine bucket cavities were 
made in cast plastic. 


erties and attendant reduction of spread in stress- 
rupture test results provided a basis for continued 
alloy research with conviction that alloy properties 
could be evaluated instead of relative soundness of 
test bars. 


Cast Plastic Mold Models 


The successful investigation of fluid flow in trans- 
parent models of test bar molds prompted attempts 
to apply that method to study of gating arrangements 
for other investment castings. Fabricating methods 
used to make plastic models for study of test bar gat- 
ing systems were not suitable for producing mold 
models for study of gating of irregular shapes such 
as turbine buckets. A technique was developed for 
casting the irregular shapes into transparent plastic, 
thus circumventing the problem of reproducing dif- 
ficult to machine cavities in solid plastic. 

The technique developed consisted essentially of 
the following steps of procedure: Patterns were pro- 
duced in low melting alloy of the parts required for 
the mold model. The patterns were assembled within 
a flask of glass after suitable surface finish was at- 
tained by polishing. The glass surfaces were coated 
with a release agent and a liquid cold pouring ther- 
mosetting polyesther resin was cast around the metal 
patterns. After the liquid resin had cured to solid 
plastic, the plastic was heated until the metal patterns 
melted and drained from the plastic. Metal residues 
in the resultant cavities were leached clean with acids. 
A detailed outline of procedures for use of liquid cold 
pouring thermosetting resin is included in the appen- 
dix to this paper. 

This technique of producing transparent plastic 
models of investment molds affords a means of exam- 
ining gating systems for irregularly-shaped and multi- 
ple-gated castings. An entire mold arrangement may 
be cast into plastic or the casting cavities may be cast 
in liquid resin and suitable ingates, runners, down- 
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sprues and pouring cups fabricated from plastic sheet 
and tubing. 

Most investment molds are small and entire mold 
arrangements may be studied simultaneously. Ex- 
amples of cast plastic mold models for study of entire 
gating arrangements for typical turbine bucket cast- 
ings are shown in Fig. 10. Both molds were cast in 
two sections and held together with tie rods. 

Figure 11 shows a composite plastic mold model 
for study of individual gating components. Sections 
of the mold model shown are six turbine bucket cavi- 
ties (3 each in two plastic castings), two runner sys- 
tems, a downsprue and a pouring cup. The pouring 
cup was machined with various liquid passages for use 
with other mold models. Any portion of such a mold 
model may be replaced with one of revised design 
since all components are easily detachable. 


Summary 


1. A method was developed for study of fluid flow 
characteristics in investment molds by application of 
the technique of casting water in transparent molds. 

2. Elimination of turbulence and entrapment of 
air in gating systems of mold models by application 
of data from fluid flow studies resulted in improved 
properties for similarly gated test bars. 

3. The flow pattern of a dye placed in the gating 
system provided means of evaluating distribution of 
metal to risers to allow for shrinkage during solidifica- 
tion. 

4. Study of fluid flow in irregular and complicated 
mold cavities was made possible by development of 
an economical method to produce cast transparent 
mold models. 

5. The cast plastic method was extended for attain- 
ment of better gating systems for multiple-gated tur- 
bine buckets. 

6. Final evaluation of results from fluid flow studies 
can only be made by actually casting metal according 
to practices developed, as was shown when an increase 
in properties was obtained with bars from the type 
“K-2” mold with no apparent improvement in fluid 
flow or soundness as compared to bars from the type 
“J” mold. 


APPENDIX 


Use Of Liquid Cold-Pouring Thermosetting Resin For 
Making Transparent Plastic Mold Models 


Metal patterns of mold components were made of 
a low melting alloy of the following composition: 50 
per cent Bismuth, 26.7 per cent Lead, 13.3 per cent 
Tin, 10 per cent Cadmium. Melting point of the 
alloy is 158 F. Patterns were produced by heating the 
alloy to 190 F and casting into steel injection molds 
used for making wax patterns, investment molds, and 
plaster molds. 
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If patterns desired contained no thin sections, molds 
were used at room temperature. Molds were pre- 
heated to 170 F to enable satisfactory filling of thin 
edges on turbine bucket patterns. Slight agitation 
of the mold immediately after pouring avoided en- 
trapment of air in the pattern molds. As soon as feas- 
ible after pouring, molds were quenched in water or 
in carbon tetrachloride cooled with dry ice to obtain 
pattern surfaces free of shrinkage. Proper feeding of 
metal patterns during solidification was assured by 
immersing only the bottoms of the molds. 

Transparency of mold cavities was determined to 
be dependent upon the surface finish of metal pat- 
terns. Surfaces of metal patterns were not satisfactory 
for use as removed from pattern molds. Hand polish- 
ing was performed with No. I, 1/0, 2/0, 3/0, and 4/0 
emery papers respectively if required, followed by 
application of a rubbing compound. A final high 
luster was attained with a liquid polish. Ease of pol- 
ishing external pattern surfaces afforded a great ad- 
vantage over the difficulties involved with polishing 
internal surfaces of irregular-shaped cavities. Thin 
turbine buckets and entire gating systems cast into 
plastic present almost unsurmountable obstacles to 
polishing all internal surfaces. 

Polished metal patterns and pattern assemblies were 
fastened to a metal plate with screws or wax. A thin 
sheet of aluminum foil was placed between patterns 
and the plate. A flask of glass was built around the 
patterns. Interior surfaces of the glass were coated 
with a silicone parting agent. 

Liquid plastic, a polyesther resin, was mixed with 
the required amounts of hardener and promoter and 
was immediately cast into the flask. A sufficient length 
of time was then allowed for the cast plastic to cure 
to a solid. Castings of up to 7614-cu in. volume were 
allowed to cure overnight at room temperature. 
Larger castings of 140-cu in. volume were refrigerated 
for up to 5 days immediately after casting and then 
allowed to warm to room temperature for an addi- 
tional day. Curing reactions are exothermic and 
large castings, if not refrigerated, fractured due to 
overheating while curing. Peak temperature of cur- 
ing was also minimized by maintaining amounts of 
hardener and promoter additives at lowest levels. 
Promoter may be eliminated entirely when making 
large castings of some polyesther type resins. 

The glass flask was separated from the cured plastic 
and the plastic removed from the plate. The plastic 
was then heated slowly to 185 F and held at that tem- 
perature until pattern metal had drained from the 
cavities. A solution of 50 per cent nitric acid in water 
was used to leach remaining metal films from the 
cavities and 50 per cent hydrochloric acid in water 
subsequently dissolved precipitated salts. 

Damaged or rough exterior mold surfaces were 
polished to desired transparency as previously de- 
scribed for preparation of metal patterns. 
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AFS SAFETY, HYGIENE AND AIR POLLUTION PROGRAM 


By 
Jas. R. Allan* 
The AFS Safety, Hygiene and Air Pollution Pro- tends to reprint the best appearing poster. 
gram is making marked progress. We have highly The Safety Committee has been receiving accident 
qualified men on our various committees. The tech- statistical reports from the Steel Founders’ and the 
nical knowledge of the committee personnel is the Gray Iron Founders’ Societies for analytical purposes 
best, from the viewpoint of practital application to only. There are indications that the accident fre- 
our many problems that exist today. quency rates for the entire foundry industry are not 
; P as high as the figures published by the U. S. Depart- 
Steering Committee ment of Labor and the National Safety Council. In 
The Steering Committee originally met twice a order to prove this, the Committee is trying to develop 
year. The chairman of each working committee is some method of obtaining reports from each foundry 
a member of this steering group. Through the Steer- in the industry. One of the primary aims in this pro- 
ing Committee the various committee activities are gram is to reduce the reported accident frequency 
coordinated and reviewed, and recommendations for rate in the foundry industry. State and insurance 
further activities are made. The Steering Committee company workmen's compensation premium rates are 
reviews new manual material being prepared by the based on the present available frequency rates. If it 
various working committees, before such material is can be shown that the frequency rates obtained from 
approved for publication. the present sources of information are too high, and 
E. C. Hoenicke, Liaison Director of the AFS Board that the frequency rate is actually lower, there will be 
of Directors, meets with the Steering Committee. He a monetary saving for the foundry industry because 
expresses the desires of the Board, and helps the of lower insurance premiums. 
Board formulate policies that will be helptul in guid- Bast Cantiel end Veetiiatien Qiuantites 
ing the activities of the over-all Safety, Hygiene and 
Air Pollution Program. This Committee also has been active during the 
‘ past year. It is developing a new manual on dust and 
Safety Committee ventilation control. The engineering data which will 
The Safety Committee completed about 75 per cent be contained in this manual are being taken from ac- 
of the work involved in revising the manual and code tual successful installations around the country. In 
entitled, “Recommended Good Safety Practices for addition, considerable research has been carried on. 
the Protection of Workers in Foundries.” This will The manual is designed to supply the necessary 
be issued in the form of a manual on recommended engineering data and know-how on dust control and 
good safety practices. About 25 per cent new material ventilation for all foundries. It will be particularly 
is being added to this manual, much of which con- helpful to the small foundry which has no engineer- 
stitutes new information in the field of foundry safety. ing staff or technicians competent to solve many of 
Some research work is necessary to develop this new their plant engineering problems. 
material. The Committee will produce this manual in loose- 
The Safety Committee cooperated with the Steel leaf form, chapter by chapter. The Steering Com- 
Founders’ Society in producing safety posters for the mittee has reviewed the first two chapters; three more 
entire foundry industry. These posters were turned are ready for review. The first three parts of this man- 
over to the Safety Committee after the annual con- ual, “Engineering Data for Foundry Health Control” 
test conducted by the Steel Founders‘ Society for help are ready for publication. 
and cooperation in this project. —The Committee in- Air Pollution Control Committee 
| The Air Pollution Control Committee submitted 
* Chairman, Steering Committee, and Manager, Industrial the Steering Committee for review and subsequent 
Engineer & Construction Dept., International Harvester Co. publication a pamphlet entitled “Control of Emis- 
Chicago. sions from Metal-Melting Operations.” 
34-102 299 
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Noise Abatement Committee 


This Committee gathers information on noise in 
industry. There is need for clarification of all the 
issues involved in connection with this subject of 
noise. There is considerable research now going on. 
As applicable information on this subject becomes 
available the Committee will review it and make 
necessary recommendations. 

Some companies having foundry operations are 
now equipped with audiometer in their medical de- 
partments to provide pre-employment hearing exam- 
inations. Periodic routine checks of employees are 
also made. Engineering departments of some of the 
companies are being equipped with sound and vibra- 
tion test equipment. Sound level determinations can, 
therefore, be made in their work areas, and the data 
so obtained can be correlated with individual audio- 
grams taken of employees. 


Welding Committee 


The Welding Committee has been working on 
recommended good practices in welding, cutting, and 
kindred operations. This Committee will finalize its 
activities by publishing a recommended good prac- 
tices pamphlet for the foundry industry. 


Educational Activities 


All of the working committees, cooperating with 
Wm. N. Davis, Director of the AFS Safety, Hygiene 
and Air Pollution program, furnished information, 
speakers, etc., for safety and health conferences in 
various locations. The Twin City Chapter sponsored 
a safety and health conference at the University of 
Minnesota on November 23-24, 1953. 

The Safety Committee provided materials and in- 
formation for a foundry supervisors’ training course 
which was jointly sponsored with the Western Penn- 
sylvania Safety Council. This training course in the 
fundamentals of foundry safety was well attended by 
supervisors from foundries in the Western Pennsyl- 
vania area. 

The Central Indiana Chapter sponsored a super- 
visors’ training course which was attended by groups 
from 12 local foundries in that area. Sessions were 
held at Butler University in Indianapolis, Ind. on 
March 23-24, 1954. This is a good example of how 


AFS SAFETY, HYGIENE AND AIR POLLUTION PROGRAM 


a local chapter takes advantage of such a program to 
stimulate their own local educational activities. 


Public Relations 


We have a definite rule that matters of a political 
nature cannot be entered into or handled in this pro- 
gram. However, we have been called upon by fourid- 
rymen in many localities to furnish technical advice 
to assist them in working with local authorities on 
air pollution, safety, and hygiene codes and regula- 
tions. Industries in the city of Hamilton, Ohio, 
sought assistance. This area was about to adopt an 
air pollution code which would be so severe that it 
would not be practical for foundries to comply with. 
As a result of the proper explanation of what was 
involved, the city of Hamilton will now make a sur- 
vey of the situation before writing any regulatory 
codes. Similar situations have been handled for Phil- 
adelphia; Portland, Oregon; and Seattle. 

The National Safety Council presented to AFS an 
industrial safety award for the safety activities being 
carried out by this program. 


Additional Important Projects 


One of our committees must take up the matter of 
amending our Grinding, Polishing, and Buffing 
Equipment Sanitation Recommended Good Practices 
to include processing of magnesium and aluminum. 

When the original recommended good practice 
code on this subject was developed, use of n.agnesium 
was practically unheard of and there were very few 
aluminum operations. World War II greatly ex- 
panded use of magnesium and aluminum castings. 
Some serious accidents have taken place through lack 
of knowledge how properly to process these materials. 
This is particularly typified by the Haber Corp. ex- 
plosion in Chicago. This explosion has caused an 
aroused citizenry and labor groups to demand pro- 
tection against a repetition. 

Amendments to grinding, polishing, and buffing 
equipment working rules in the State of Illinois have 
been approved by Illinois industry for submission to 
the Industrial Commission of the State. It is suggested 
that our Committee cover the subject of magnesium 
and aluminum with some recommended good prac- 
tices that will be of help to processors using these two 
materials. 
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VALUE OF THE SAFETY PROGRAM TO THE FOUNDRY 


By 


E. C. Hoenicke 


Each year we discuss the problem of Safety, Hy- 
giene, and Air Pollution, because we have found that 
an accident affects not only the foundry in which it 
occurs, but all foundries in the entire industry. This 
is most vividly evident when the cost of the insurance 
premium for workmen’s compensation in the foundry 
industry is considered. This premium is based on the 
accident frequency rate of the entire industry. There- 
fore, every single accident in each individual foundry 
is added to the total of all the accidents that occur 
within the industry. 

We all know that accidents cost money and that 
the foundry industry is highly competitive. If the 
cost of castings is higher than other methods of fabri- 
cation, we lose business, This is an instance where 
the prevention of accidents can lower the cost of our 
finished product; it can help us in our competitive 
position. 


Humanitarian Aspect of Accident Prevention 


There is yet another and even greater incentive for 
preventing accidents and that is the humanitarian 
part of the problem. This factor alone is one that 
every progressive foundryman has become vitally in- 
terested in because it presents him with an obligation 
morally as well as financially. 

Another factor that is overlooked by many of us is 
the effect that accidents have on the morale of our 
fellow-employees. Accidents and their causes, such as 
defective tools, poor housekeeping, improperly trained 
and consequently careless workers, have a depressing 
effect on every employee. They will greatly reduce 
his efficiency and may eventually cause him to seek 
employment elsewhere causing the industry addi- 
tional cost in the form of labor turnover. 

Accident prevention develops and maintains good 
public and community relations. It enables us to 
hire better people to work in the foundry and adds 
up to making the foundry a good place to work. 

In speaking generally about “cooperative safety 
in the foundry industry” it is impossible to talk of 
all of the individual programs in other companies. 


*Eaton Manufacturing Co., Detroit. 
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One normally speaks best of the operation in which 
he is most interested. Some of the things we have 
done in our place of business may help all of us do 
more on this over-all problem. 

The materials that go into our products are the 
same that other foundries use, and the highest cost 
item is labor. That means that if each employee is 
not used to his best advantage, the cost of production 
goes up. Therefore, we feel safety is definitely a part 
of production. We know that accidents, whether to 
employees or materials or machines, cost money. 

In the past six years we have reduced our accident 
frequency rate by more than 46 per cent and lowered 
the severity rate by 98 per cent. The frequency rate 
stood at 33.30 in 1947 with a severity factor of 4.33. 
By the first half of 1953, this rate has been reduced to 
8.6 and a severity figure of 0.03. These improvements 
in our safety record can be transposed into dollars 
and cents and are reflected in a costs drop in from 
$1.59 per 100 man-hours worked in 1947 to 21 cents in 
first half of 1953. That is considerable on the basis 
of approximately 1 million man-hours worked in 
1953. 


Some Causes of Industrial Accidents 


Our Safety Department works on the premise that 
10 per cent of all industrial accidents are caused by 
unsafe conditions and 90 per cent by unsafe working 
habits. Consequently a larger part of the safety cam- 
paign has been directed at employee education, effec- 
tive safety supervision, and daily contact between sup- 
ervisors and employees. Periodic reports are also made 
to personnel regarding all safety activities. After mak- 
ing a study of our experiences, we felt that the lack of 
a coordinated and definite safety program played a 
major part in the cause of accidents and unsafe condi- 
tions. Other causes we found included: inadequate 
electrical equipment, poor illumination, lack of vent- 
ilation and modern handling equipment. We knew 
generally that poor housekeeping, improper storage 
and overcrowded conditions can contribute to heavy 
frequency and severity rates. Increased employment 
also causes more exposure to accidents as do new jobs 
which require more training and subsequent follow- 


up. 
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In an effort to determine where the chief causes 
of accidents lie, our safety people made a continuous 
study of our foundry accident reports. Causes were 
analyzed in order to devise remedial measures. Of 
the injuries suffered by plant personnel, 60-70 per 
cent were eye accidents probably because of the inher- 
ent nature of foundry operations. Falling loads, im- 
proper storage and faulty handling of materials all 
of which fall under bad housekeeping, caused many 
mishaps. Detailed analysis of these accidents was vital 
in aiding management to channel its efforts in our 
safety program. 

It was also found that whenever accidents occur, 
employees may be injured, and there is damage to 
equipment. 


Safety Education And Enforcement 


Success or improvement in our safety program has 
been based almost entirely on a program of educa- 
tion and enforcement. The first step was the activa- 
tion of an effective chain of command. With respect 
to education, responsibility begins with the company’s 
industrial relations staff. From there, it descends 
through the general manager to the safety director 
and from him through the supervisors to the indi- 
vidual workmen. Regarding enforcement, however, 
this chain does not include the industrial relations 
personnel, but begins instead with the factory mana- 
ger. 

A manual of safety regulations was developed by 
the staff personnel and included the latest data on 
safety dispensary operations and compensation pro- 
cedures. While it is a duty of the staff office to visit 
each division to make inspections, the primary re- 
sponsibility rests with the foundry supervision for 
the day to day operation, which is the key to a suc- 
cessful safety program. The safety educational pro- 
gram starts with the supervisory personnel. 

Frequent meetings are held during which our prob- 
lems are aired and new regulations stressed. At these 
meetings, information pertaining to all hazards re- 
ported in the foundry is discussed, such as storage 
and handling procedures, etc. Information sheets 
containing information as to protective clothing, safe 
practices, storage and handling procedures etc. are 
developed and distributed to all divisions’ supervisory 
personnel to get this information to the individual 
worker. During these meetings the latest safety films 
and effective visual aids are shown to the supervisors. 

Supervisory personnel is informed as to current 
accidents and compensation rates, and their individ- 
ual current records are also stressed. In addition to 
basic safety instruction, they are briefed on safe hand- 
ling techniques, improved storage and housekeeping 
practices and all other general plant activities, which, 
if effectively administered, contribute to over-all 
safety. 


Indoctrination of New Employees 


New employee indoctrination is a specific activity 
in the hiring procedure. This is accomplished by first 
sending the employee for a complete physical exam- 
ination including x-ray. The new employee then 
meets with the safety director who explains in detail 
the safety program of the company. He then sells the 
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employee his safety shoes and fits him with the cor- 
rect type of eye protection for his job. The rules and 
regulations are explained, and safety booklets are 
given to him. 

We try to obtain employees who are reliable work- 
ers, with some knowledge of the operation, and who 
can be trained to our way of doing things safely and 
efficiently. This, however, is the ideal type of em- 
ployee who is not always available. We have to em- 
ploy all types of people and train them to do a 
job safely. This is another instance where safety train- 
ing helps production. 

The benefits from monthly meetings are relayed 
from supervisors to workmen largely by personal con- 
tact. Supervisors stress the humanitarian angle. Lost 
hours are approached from a financial viewpoint. 
They mean loss of revenue to the workman and his 
family, loss of buying power, etc. This approach is 
a perfectly honest one and most effective because it 
hits the workman at the most familiar point. Charts 
and displays on losses are used in the plant for em- 
ployee education. In addition to personal contact by 
supervisors, data sheets and safety posters are dis- 
played on bulletin boards. The company house 
organ is also used to disseminate safety knowledge to 
employees and to the employees’ families as it is 
mailed to their homes. 

A two-way program of safety communication is con- 
stantly kept open. It was carefully developed when 
the worker joined the department. The plant sugges- 
tion system is also used for ideas that will promote 
safe practices. Several valuable suggestions were re- 
ceived through this means. 


Good Housekeeping A Requisite 

An important contributing factor to the low acci- 
dent frequency and severity rate has been the constant 
insistence on good housekeeping and cleanly swept 
aisle-ways both inside and outside the plant. Good 
housekeeping inspection tours by the supervisor safety 
committee are made for the purpose of monthly meet- 
ing discussions. Minutes of all safety committee meet- 
ings are published and distributed to all supervision, 
service departments, and staff. Fire reports are written 
and published for all supervision with pertinent data 
and recommendations. The engineering and main- 
tenance departments are constantly working along 
with the safety department using as their theme, 
“design safety in and accidents out.” 

We feel that the safety program we have is not 
necessarily just a theoretical approach, but a living 
everyday operation for which standards are estab- 
lished, and goals and low cost must be realized. Our 
supervision and top management do not look upon 
their safety department as a necessary evil. On the 
contrary, they believe a good safety program, prop- 
erly and sincerely administered, can produce profits 
like any of the production departments of the busi- 
ness. It also contributes to the alleviation of human 
suffering. 

Based on the theory that health and safety is a 
necessary and integral part of business, just as is pro- 
duction, and that every member of supervision is re- 
sponsible for his own safety records, the gospel of 
safety soon becomes habit. With good habits once 
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E. C. HoOrENICKE 


formed, low frequency, low severity, low costs, and 
most of all, a minimum of human suffering, become 
a reality on a continuing basis both for the employee 
and management. 

Concerning the industry as a whole, every foundry- 
man, as an individual member of the metal castings 
industry, has recognized that safety definitely plays a 
large part in the successful production of castings. 
Realizing this, the industry is developing research 
material and accumulating engineering data on rec- 
ommended practices in the field of Foundry Safety, 
Hygiene and Air Pollution. 

This matter was first referred to the National Cast- 
ings Council which represents all the major foundry 
groups and associations. After careful study, the 
National Castings Council expressed the joint opinion 
of the industry that the American Foundrymen’s 


_ Society, which is the only technical society for the 


entire industry, should undertake the sponsorship of 
this program. 

This program has now been in effect for two years, 
and there has been a considerable decrease in the 
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average accident frequency rate for the industry, 
from 27.83 in 1950 to 23.7 in 1953. We still have a 
long way to go to get this figure down to the com- 
parable or average frequency rate of all industry, 
which for 1953 was 13.9. 


The AFS Safety Committee has done considerable 
work along educational lines for the industry by hold- 
ing university training courses and individual super- 
visor training courses sponsored by various chapters 
throughout the country. The Safety Committee, .at 
this time, has the safety manual for the industry 
“recommended good practices for the prevention of 
accidents in foundries” in preparation. 


The program has received additional support by 
the recent action of the National Castings Council 
in appointing members from its body to take part 
actively in this program, so that it will have a cross- 
sectional representation of the entire industry. This 
means we can expect even greater emphasis and co- 
operation in all phases of our great foundry industry 
on the problem of safety. 








MECHANICAL PROPERTIES OF CAST 
TITANIUM-ALUMINUM ALLOYS 


By 


R. E. Edelman and A. Tabak* 


ABSTRACT 

Mechanical properties of cast titanium-aluminum alloys were 
determined over a range from commercially pure titanium 
(0.0 per cent aluminum) to 7 per cent aluminum by weight. 
Over this range the ultimate tensile strength increased from 
approximately 50,000 psi to 116,000 psi, while the elongation 
decreased from 38 per cent (1.4-in. gage length) to 10 per cent. 
The room temperature Charpy impact values varied from 66 
ft-lb for the 0.0 per cent aluminum to about 44 ft-lb for the 
7 per cent aluminum alloy. No particular difficulty was en- 
countered in casting these alloys, and the as-cast surfaces 
were reasonably free from laps and cold shuts. 


Introduction 


Use of unalloyed titanium is not desirable for 
general purpose castings for the same reasons that 
are valid for other metals such as iron, copper, 
aluminum, etc. By the addition of alloying elements, 
it is possible to obtain sizable increases in strength 
which correspondingly enhance the usefulness of tita- 
nium-base castings. 

The choice of which alloy to use is governed by 
several factors. First, the alloy must be castable. Sec- 
ond, it must possess good mechanical properties. 
Third, the addition should be of a non-strategic metal, 
one that would not be in short supply during any 
emergency. Fourth, it would be preferable if the 
added metal did not increase the density of the 
titanium. 

Aluminum meets all of the above conditions and, 
in addition, it has a high solubility in the alpha 
(room temperature) phase of titanium.! 

Various investigators?» have reported the 
mechanical properties of wrought binary titanium- 
aluminum alloys. There is also at least one report on 
the as-cast properties of a 7 per cent titanium-alumi- 
num alloy.t However, there has been no published 
literature on the effect of lesser amounts of aluminum 
on the cast properties of titanium. Thus it is the pur- 
pose of this investigation to establish the as-cast 
mechanical properties for some of these alloys. 


on 


*The authors are Metallurgists, Pitman-Dunn Laboratories, 
Frankford Arsenal, Philadelphia, Pa. 

Published with permission of the Department of the Army. 
The opinions expressed in the paper are those of the authors 
and are not necessarily endorsed by the Department of the 
Army. 
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Method of Preparation 


The cast specimens were made from DuPont “Pro- 
cess A’’ titanium sponge* and commercially pure 
(99.45 per cent) aluminum. To insure proper homog- 
enization, a double melting system was employed. First 
a 2 to 3-lb “pig” of the proper alloy was made in 
an arc-melting, tilting-type furnace. Several pigs, de- 
pending on the weight of the metal to be cast, were 
then transferred to a larger arc-melting, bottom-pour 
furnace (Fig. 1) where they were consolidated and 
poured into a graphite mold. The molds used were 
either a keel-block or a flat plate (Fig. 2 and 3). In 
the latter stages of the investigation the flat plate mold 
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Fig. 1—Diagram of assembled arc furnace just prior 
to pouring. 


*Composition of “Process A” sponge from DuPont Corp. 
Titanium —99.5% Chlorides = 0.06% Oxygen = 0.04 — 


Iron = 0.06% Carbon = 0.02 — 10% 
Nitrogen — 0.009%, 0.04%, Hydrogen — 0.006 
Magnesium = 0.01 — 0.05% — 0.009%, 
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Graphite Mold Casting 


Fig. 2—Disassembled double keel block mold 
and casting showing test bar location. 
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Fig. 3— Cast plate showing test bar location. 


was used exclusively because of the simplicity of 
mold, soundness of castings, and a higher yield of 
specimens per heat. The complete melting and cast- 
ing procedure is outlined in References 5 and 6. 

This type of double melting not only increases the 
alloy uniformity of the final casting, but it also de- 
creases the amount of volatiles in the metal. 
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Fig. 4— Modified 0.357-in. diameter tensile bar. 
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Testing Procedure 


Machine sub-size type tensile test specimens were 
used throughout the casting program. The standard 
0.357-in. diameter tensile bar (Federal Specification 
QQ-M-151 a, type 4 specimen) was modified slightly 
to provide shoulders (Fig. 4). This modification 
avoided the machining of threads, a difficult operation 
in brittle alloys. However, none of the basic test 
bar dimensions were altered. Thus, the results ob- 
tained with the standard threaded test bar. An Sr-4, 
PA-3 (Post Yield) electric resistance gage was mounted 
on each specimen. The cross head speed was 0.005 
in. per minute on a Baldwin-Southwark hydraulic 
machine having a load range of 120,000 Ib. 

Standard “V” notch charpy impact specimens were 
used to determine the room temperature impact 
energy for the various alloys. 

Hardness readings were taken on a Brinell hard- 
ness tester using a 3000 kilogram load. 

Metallographic examination of both polished and 
etched specimens were made. The polishing and etch- 
ing procedures are outlined in Reference 7. 


Mechanical Properties 


The ultimate tensile and yield strengths increased 
as the aluminum content of the alloys increased. 
The elongation decreased with increasing amounts of 
aluminum. Average elongation for an unalloyed speci- 
men, measured on a 1.4-in. gage length, was 38 per 
cent. A 7 per cent aluminum alloy exhibited only 10 
per cent elongation. 
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TABLE 1—MECHANICAL Properties Or As-CaAst TITANIUM-ALUMINUM ALLOyYs 
Modulus 
Ultimate Yield Strength Proportional Elongation, Reduction Hardness of 
Specimen Aluminum, % Tensile Strength, (0.2% offset), Limit, % in area, Brinell Elasticity, 
No. Intended Actual psi psi psi in 1.4 in. % 3000 Kg Load = 10° psi 
22 0.00* 0.00 49,300 31,600 42.1 58.6 111 
24 0.00* 0.00 46,900 31,100 34.3 42.6 111 
112 4.00 4.20 90,800 80,500 74,000 14.3 14.9 223 
112 4.00 4.20 90,900 80,500 74,000 14.3 12.5 223 
89,600 
94 6.00 6.36 116,000 107,000 90,000 10.0 26.0 255 19.2 
94 6.00 6.36 115,000 107,000 90,000 10.2 25.5 255 
W-2 7.00 6.96 110,000 102,000 83,000 9.9 22.9 259 19.7 
Ww-4 7.00 6.96 108,000 104,500 84,000 11.8 26.1 259 18.0 
w-4 7.00 6.96 109,000 103,000 84,000 12.0 26.8 259 19.0 


*“Commercially pure” titanium “Process A” sponge used as base alloy material. 





Other investigators have studied parts of the titan- 
ium-aluminum series, but their specimens were subject 
to different working and heat treatments. It is to be 
expected therefore, that their strength figures would 
not coincide with those obtained in this report. Some 
of these data, plotted along with the values obtained 
in this investigation, are shown in Fig. 5. Even when 
the same nominal composition alloy is cast, variations 
in the cast mechanical properties are encountered. 
These differences can be attributed to the following 
factors: 

(1) Mold variations. The heat conductivity of the 
mold material and whether or not the mold is pre- 
heated will determine the solidification rates and thus 
the strength of the cast material. Malone et al* pre- 
heated graphite molds to 1472 F (800 C) to insure 
a better surface finish for their 7 per cent aluminum 
alloy. Since the molds employed at Frankford Arsenal 
were at room temperature at the time of pouring, 
there was a greater chilling effect resulting in castings 
of higher strengths than those reported by Malone. 

(2) Quality of the sponge titanium. The hardness of 


CHARPY IMPACT VALUE (FT. LB.) 





8 
PER CENT ALUMINUM 


Fig. 6—Charpy impact energy vs. aluminum content. 
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the sponge titanium used in making the titanium is 
an accurate measurement of the purity of the metal. 
High hardness sponge will have higher tensile strength 
and lower ductility than a sponge of lower hardness. 
Kessler used a higher strength sponge than that used 
at Frankford Arsenal and it is this difference in 
sponge purity, rather than the forging procedure, that 
accounts for the higher tensile strengths exhibited by 
his tensile bars as compared with those of Frankford 
Arsenal. 

Relatively high impact values were obtained in 
Frankford Arsenal test bars, (Fig. 6, Table 2) as com- 
pared with those of other investigators. Further work 
is now in progress to determine the impact values 
of material cast under various mold conditions. 


TABLE 2—-CHARPY IMPACT VALUES AT 78 F IN Ft-Lb. 








Frankford 
Arsenal Kessler* Malone et al‘ 
Aluminum, % Cast Forged Cast 
0 66 
4 59, 60 10 
6 43, 40 9.5 
7 49, 58 19, 24, 30, 16, 18 
10 20, 27 





The modulus of elasticity values of the alloys are 
also listed in Table 1. An electric strain gage method 
was used to determine these values. As the table 
indicates, increasing amounts of aluminum raise the 
modulus up to 19 x 10° psi for a 6 per cent aluminum 
alloy with little change in the modulus from 6 to 7 
per cent aluminum, Other investigators? have noted 
the same trend. 


Microstructure 


Figure 7 illustrates the various microstructures ob- 
served in the cast titanium-aluminum alloys. The 
similarity in structures between the unalloyed speci- 
men and those containing up to 7 per cent aluminum 
can be seen. Ogden et al have reported this similarity 
for wrought alloys. Since graphite, from which the 
molds were fabricated, has such a high heat conduc- 
tivity, the as-cast metal tends to have a quenched 
structure. The transformation product of serrated 
Widmanstatten plates is like that found in the un- 
alloyed structure. 
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Discussion 


Previous work? on wrought titanium-aluminum 
alloys has indicated that 6 to 7 per cent aluminum is 
the maximum amount that can be added and still 
maintain sufficient ductility to work the metal. Since 
the ductility of a cast material is generally lower than 
that of a wrought material of the same composition, 
the original plan for this investigation was to study 
a series of alloys containing not more than 6 per cent 
aluminum. However, the elongation at this level is 10 
per cent, leading to the belief that alloys of higher 
aluminum content can be cast and still have sufficient 
ductility. Thus an alloy containing 7 per cent alumi- 
num was cast and tested. This alloy also had an 
elongation of approximately 10 per cent. However, 
cutting and machining of the 7 per cent aluminum 
alloys was quite difficult and discouraged the investi- 
gation of higher aluminum alloys. 

One interesting phenomenon that was noted in 
some of the alloys was a “cry” similar to a “tin cry,” 
heard when the tensile test bars were being pulled. 
The strain gages indicated an irregularity when the 
“cry” was heard. Further study will be made on the 
causes for this behavior. 
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A MEASURED DAYWORK PROGRAM 


By 


L. W. Lehmann* 


The purpose of this paper is to encourage the same 
caution in introducing new equipment and new 
methods on daywork jobs as we do on incentive jobs. 
Unless considerable work measurement goes into a 
job, economies incorporated in this equipment will 
be lost through negligent use of available manpower. 

If any new equipment we buy is to be used on an 
incentive job, we should exercise utmost caution in 
establishing a production standard or rate. All of us 
call upon plant engineers, methods men, and others 
to get the method and movements reduced to a mini- 
mum. If that same new equipment is to be used on 
a daywork job, there is the possibility that we are 
doing 2s many others have done; that is, we install 
the equipment, put a man (or men) on the job, and 
hope to affect maximum savings. 


Use Standards For All Jobs 


Management often becomes aroused when incentive 
workers earn 50 per cent over their base rate. Unless 
some methods change has crept in, this job may be 
5 per cent, even 10 per cent, loose. Is that as bad as 
the day worker who works only 60 per cent of his 
work day at a day rate pace receiving the maximum 
of his rate range? Quite often, and this has become 
apparent to us, day workers are given so called merit 
increases without due consideration for the individ- 
ual’s work load. 

The solution to the problem is use of standards 
for all jobs. All jobs, incentive or otherwise, have con- 
stants and variables. The same approach applies to 
both. It is true that constants may be more difficult to 
recognize, but they are there. After a program has 
been started, the data will progress just as easily as 
on incentive jobs. 

Don’t stop with time study! For purposes of con- 
trol, only standards should be used. The probability 
of changes in daywork jobs is just as great as on in- 
centive ones. Without standards all elements would, 
of necessity, have to be time-studied after each change. 
With standards, only the changed elements need be 


* Timestudy Supervisor, John Deere Van Brunt Co., Horicon, 
Wis. 
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corrected. We learned this the hard way. In Feb- 
ruary, 1945 we bought our first two lift trucks. From 
then until 1951, we purchased six more lift trucks, 
five gas transporters, and thirteen electric jacks. All 
this was done without time study. The whole pro- 
gram just grew until top management asked that 
something be done because of mounting material 
handling costs. 

Our foundry employs about 100 men out of a 
total of about 900 people normally employed at our 
plant. Our men made many time studies. They came 
up with numerous suggestions as to manpower re- 
quirements, new alignment of duties, etc. They held 
conferences with supervisors and early in 1952 our 
plan was installed, resulting in a 27 per cent reduc- 
tion in our material handling costs. Everyone was 
happy. Our plant manager made a personal check, 
approaching the problem from another angle, and 
verified our reported savings. 

Then we completed a new four-story building. 
Machines and operations were moved around until 
little remained of our original routing. Our controls 
vanished with the revision of routing. At present we 
cannot truthfully say how many excess truckers we 
have. 


Standards For Daywork 

On our next job we resorted to measured daywork 
or standards for daywork. Since we had no prior 
experience in this we started with our janitor and 
factory sweeping jobs because our central office had 
done some work with these in some of our other 
plants. Our factory sweeping program, which ex- 
tends into our grinding and cleaning rooms, is built 
on the theory of keeping our 36-1n. industrial sweep- 
er busy as much of the time as possible. 

Generally, it will be discovered, when starting a 
daywork program that some obvious breaches of good 
practice become evident. We discovered that our 
mechanical sweeper was used only a few hours each 
week because the operator was too busy with his hand 
sweeping assignments. Similar situations may be dis- 
covered in many other plants when daywork jobs are 
observed. As long as the daywork is being done, little 
attention is given to it, either to oversupply of man- 
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80 Ft. — .280 180° Turn — .020 180° Turn — .020 90° Turn — .010 180° Turn — .020 
180° Turn — .020 100 Ft. — .350 25 Ft. = 0.88 25 Ft. — 0.88 50 Ft. — .175 
80 Ft. — .280 90° Turn — .010 90° Turn — .010 90° Turn — .010 90° Turn — .010 
180° Turn — .020 50 Ft. — .175 100 Ft. — .350 100 Ft. — .350 100 Ft. — .350 
80 Ft. — .280 180° Turn — .020 180° Turn — .020 90° Turn — .010 90° Turn — .010 
100 Ft. — .350 50 Ft. — .175 100 Ft. — .350 50 Ft. — .175 Elevator 4.026 Total 
4.026 + 15% Delay = 4.63 Min. Allowed Time 


Actual Observed Time = 4.76 Minutes 
Allowed By Standards — 4.63 Minutes 


Fig. 1—Sketch showing how 36-in. Industrial Sweeper standards are applied. 


power or to methods. This tendency has to be over- 
come. 

We used both time study and previously developed 
standards in our sweeping program. One time study 
observer got the schedules in operation in three weeks 
with the help of another man for about three days. 
We have 25 departments. 

The first step in establishing our time values was 
to determine the areas to be cleaned by the sweep- 
ers. Our job delay factors for a production worker 
includes sweeping the area around his own work 
area. We established limits to which the sweepers 
were obliged to sweep and time-studied them. We 
then arrived at the number of allowable man-min- 
utes to hand sweep the debris in each department 
into the aisles. Then the mechanical sweeper fol- 
lowed by sweeping the aisles. Standards were estab- 
lished for each of these elements. 

Then in order to determine the manpower re- 
quirements for the plant, we observed each depart- 
ment for daily accumulation of dirt. This generally 
coincided with the traffic through it. From this we 
decided upon the frequency of cleaning. This in 
turn determines our manpower requirements. 

Figure | illustrates the procedure for determining 
the time required to power sweep the aisles in a typi- 
cal department. All this work is done by applying 
standard data to the distances on the blueprints of 
the department. The only word of caution here is 
to be certain that the correct width of the aisles is 
known. It will be noticed that several of these 
aisles require three passes while others need only 
two. As can be seen we follow the sweeper into the 
department, prescribe an exact pattern, and follow 
him out to the elevator. These standards were estab- 
lished, applied, and verified by time study in each 
case before releasing them. Each department was set 
up by the same method. Table | illustrates the co- 


TABLE 1—ILLUSTRATION OF TIME SCHEDULING 
SWEEPING 





Hand Sweeper 
a.m. a.m. 
Fill machine with gas 3.48 7:00 Get equipment from 
Check over machine storage 2.21 7:00 
& grease 4.12 Walk to Dept. M_ 1.26 
Get ready to sweep .76 
Travel to Dept. L_ 1.09 


Industrial Sweeper 


3.47 7:04 
——_—_——. Sweep Dept. M 28.16 7:33 
9.45 7:10 Walk to Dept. Y 88 


Sweep Dept. L 6.21 
Travel to Dept. K_ 68 


6.89 7:17 


Sweep Dept. K 14.80 
Travel to clean out 


area 2.21 
Empty machine into 
hopper 4.18 
Return to elevator in 
Bldg. R 1.91 
Take elevator to 
Dept. M 2.50 
25.60 7:43 
Sweep Dept. M 8.20 Sweep Dept. Y 35.56 8:10 
Go to Dept. Y 3.19 
11.39 7:55 


Hand sweep in 

Dept. Y 15.00 
Power sweep Dept. Y 8.20 
Travel to Dept. G 2.09 


Walk to Dept.G_ 1.96 
Sweep Dept. G 9.00 


25.29 8:21 10.96 8:21 





ordination of the activities of the hand sweepers with 
that of the industrial sweeper. It will be noticed here 
that the hand sweepers sweep into the aisles in De- 
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partment M while the power sweeper gets ready in TABLE 3—-JANITOR AND SWEEPER STANDARDS 
the morning and then sweeps Departments L and K. 
Notice also that we include travel time between de- 
partments, elevator time, and emptying the dust bag Z-20-D-2 Clean drinking fountain 1.50 min each 
of the power sweeper. cabinet (cooler type) 





Code No. Work Item Base Time Per Unit 




















P , : , Z-20-F-1 Dust tops of shop lockers 0.025 min per locker 
P 9 , reek ly 7 oe . ‘. : 
Table 2 shows weekly Sweeping schedule for four Z-20-G-1 Empty wastebaskets 0.30 min each 
day operations. With five-day operations, we main- Z-20-G-2__ Empty trash barrels 0.46 min each 
tained a schedule which gave each department its Z-20-H-8 Dust venetian blinds 0.10 min per sq ft 
service at the same time every day, but we found it eer eae entrar of blind 
difficult to make any better arrangement than this ate ay type ner curating 
under the circumstances. This schedule is posted in 7-20-K-2 Cian wie 0.23 min per sq in. 
each department. Posting is an important part of Z-20-L-1 Clean tops of lunch tables _0.056 min per sq ft 
the entire program. With service assured right to Z-20-L-2 Clean flourescent light 4.54 min per fixture 
fixtures 
Taste 2—4 Day (32 Hrs.) SWEEPING SCHEDULE Z-20-R-1 Clean safety type ash 0.82 min per pc 
receivers 
Monday Tuesday Wednesday Thursday Z-20-R-2 Clean dish type ash receivers 0.25 min per pc 
Dept. Time Service Time Service Time Service Time Service Z-20-S-3 Renew foot bath solution 1.63 min per footbath 
ms sage i ego in shower 
<u 1 4 nea a a = pena ee Z-20-S-1 Clean shower stall walls 2.00 per stall 
J 7: 0 Genera — se 7:40 General iit Power Z-20-D-1 Clean drinking fountain 1.02 min each 
7:50 7:00 7:50 7:25 namie 
N 8:01 Power 7:36 General 8:05 Power 7:36 Power 7-20-B-1 Clean Bradiey basin 4.13 min each 
8:01 7:36 8:05 7:36 ’ (circular) 
¥ 8:12 Power 8:00 General 8:20 Power 7:47 Power Z-20-B-2 Check and refill soap 0.67 min each 
1:50 7:25 1:00 7:47 dispensers 
H ee General Ro: Powes 9 General Hen Power Z-20-P-1 Empty pencil sharpeners 0.20 min each 
K 9:20 General 11:10 Power 9:00 General 8:30 Power 
9:20 8:25 9:10 7:00 ‘TABLE 4—-EXPLANATION OF ELEMENTS IN CODE 
L___11:00 General 10:30 General 11:00 General 9:40 General No. Z-20-D-2 
11:00 11:20 1:35 10:25 
O 11:50 General 11:27 Power 1:50 Power 10:35 Power Work Item: Clean drinking fountain bowl. 
1:00 11:10 1:50 10:35 Base Time: 1.02 minutes each 
S 1:25 General 11:52 General 2:05 Power 10:50 Power ‘ ase ict 2k : P : 
ie . Conditions: This time applies to plain bowls without cab- 
1:25 11:40 2:05 10:50 neta ay < eaggn f , 
G 1:50 General 11:50 Power 2:15 Power 11:00 Power acliaden a a 
2:30 3:40 2:40 . ‘ 
2:40 Power 3:55 Power ———_———__ 3:20 General Method: 1. Scrub bowl and fixture with a damp cloth 
1. Wood Shop—Every Monday and Grace Lee cleaner, Gibson soap polish, 
2. Plumbing & Maintenance Dept—Every Tuesday or similar cleaning agent. 
3. Casting Storage Area—Every Wednesday 2. Rinse using a clean cloth and water from 
4. Tempering Room & Pattern Storage—Every Thursday the fountain. 
5. Warehouse Swept Complete—Once Weekly Calculation: Base Time = 1.02 minutes each 
6. Factory Stairways & Penthouse—Once Weekly 15% Delay Allowance = 0.15 minutes 
pemenguaensee @ WEEKLY WORK SCHEDULE CHECK CHART 
. (SHOP COPY) 


Page 1 Of 2 
Employee's Name 
4, DAY (32 HR.) HAND SWEEPER Clock No. 

Ist Day 2nd Day 3rd Day 4th Sth Day 














ELEMENTS OF WORK TO DO No. When 


Fig. 2—Weekly Work 
Schedule Check Chart. 
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Job Number: 2 EMPLOYEE SCHEDULED ASSIGNMENT OS BTM 
pei eg ~ ay Pe 
Pre ne Type of Work_office Janitor ___ i NE PCN 
Ele Delay Total 
ae aes Pes a i aid Sil cecndeedidecatemmiaedamaaeanieae 
Sweep floor ___|_66 | Daily 153 Sa F 1- 3086 | 15 | bobh 
meter £2) eenabahoataeh 67 | pasiy Zn20ebin) a | 15 | 435 
Empty (1) pencil sharpener 68 | Daily Z-20-P-1 __|__220 15 223] 
Dust (8) pes. furniture 69 | Daily | 2-20-H-7 2032 | 25 _| 2067 
Fig. 3—Employee Schedule Dust (1) radiator 70 | Wed day | | 2-20-B=2 1.50 |_as —_|_ 273 
Assignment Chart. |__| Chean (2) draft deflectors __ 7 | Wednesday | | goannas |__| a0 | as | ans 
Damp nop floor 72 | Wednesday 153 Sq Pt 220m2 | | 9am | 5 20452 
Wet mop floor 73 |Monthiy 253 SaPty 220%2 | (2338 | a5 [26466 | 
Wax & polish floor 7, | Monthly 153 Sq.Ft, 2-20-43 | s09 | 25 4350 _| 
‘Wash (14) pes. window glass 75 |Montniy oxa6 ina! 22002 | |2aae | as lesauu 
.— MES w2i5 | ne = Po) 
| arses ee (hore (oe ee 
ee 
| | 
TO DETERMINE WORK LOAD OR TOTAL DAILY TDG PEA gees fF he e: 
| | | 
TOTAL ALL DAILY ELEMENTS Bi TOPAL STD. =" COLA | | [7.69 
a TOTAL WEEKLY ELEMENTS AND MULTIPLY BY 42 | [2.68 
waive TOTAL MONTHLY ELEMENTS AND| DIVIDE BY 2 | us55 
| | | TOTAL 4292 _| 


























the minute, operators and shop personnel, in gen- 
eral, get their lunch and candy wrappers and other 
refuse into the aisles just prior to the sweeper’s ar- 
rival. There has been a noticeable trend away from 
littering aisles throughout the day. 

Figure 2 shows the individual schedules given to 
the sweepers. This covers a full week. A copy re- 
mains with his foreman. He can be located at any 
time during the day. In fact, we occasionally check 
to see that he is on schedule. With this program we 
have greatly improved our housekeeping. Area-wise 
we have increased our aisle sweeping 122 per cent 
and our hand sweeping 74 per cent—with no in- 
crease in manpower. 

With this experience as a basis, we started with 
our janitors. Again, we borrowed standards from our 
central office and checked them at our plant before 
applying them. In determining a janitor schedule, 
the first step is to determine frequency of doing each 
job. Various department heads and the janitor fore- 
man established the frequency of doing each item of 
work. Figure 3 shows the procedure for arriving at 
the allowable time for performing all the work re- 
quirements in the receptionist’s office. Listed first are 
the four daily duties: sweep floor, empty wastebasket, 
empty pencil sharpener, and dust eight pieces of fur- 
niture. Next, appear the three weekly jobs and the 
day on which the work should be done. The month- 
ly duties are listed last in all cases. In this case they 
are wet mop floor, wax and polish floor, and wash 
fourteen pieces of window glass. 


Daily Work Load 


The base time, delay allowance, and total stand- 
ard time appear after each item. To arrive at the 
daily work load, each daily duty is extended at full 
standard time, the weekly elements are extended at 
one-fifth of their per occurrence allowable time, and 
the monthly duties are divided by 21 to determine 


their daily load value. In this case the daily duties 
are extended at 100 per cent of 7.69 minutes. The 
weekly duties require 13.39 minutes, extended to one- 
fifth of their value is 2.68 minutes. The monthly 
duties carry allowable time total of 95.60 minutes, 
divided by 21 is 4.55 minutes. The daily work load 
or daily allowable time to clean this office is 14.92 
minutes. 

Table 3 gives a partial list of the standards used. 
The work item, code numbers, and base times are 
shown. The code number is the index for finding a 
complete description of the work expected, Z-20-D-2 
is the code for cleaning drinking fountain. Table 4 
is an explanation of the elements. It shows the stand- 
ardized form for each job. The equipment, materi- 
als, and other items are quite completely covered. 
Naturally, standards apply to one method with simi- 
lar equipment. Our division has carried out its own 
methods program in this field and has been respons- 
ible for correcting wrong methods in various plants 
merely by circulating the standard. 


Many may have been thinking that all of this is 
fine, but are questioning how we police the work re- 
sults. Figure 4 shows the form used by foremen or 
supervisors of the factory and office areas. This check 
is not made regularly. The entire plant may be ig- 
nored for several months, then the checks will be 
made every few weeks. Provision is made to check 
floors, fixtures, furniture, etc, Starting with item No. 
1 and going down, we have floors, windows, venetian 
blinds, drinking fountains, etc. We have the rating 
G—good, A—average, and P—poor. Since this audit 
is made by individuals who are not directly respons- 
ible for the sweepers and janitors, they pull no 
punches in criticizing where it is due. “Poor” ratings 
appear yuite regularly. However, this program has 
been so successful that the “poor” ratings do not 
have to be used often. 
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This janitor program reduced our eleven man crew 
to ten men. This is not a big saving, but the increase 
in service was tremendous. We proceeded on this 
level for some months until we reduced the produc- 
tion schedule. We were asked to reduce these serv- 
ices as much as possible to reduce overhead. Three 
men were removed from the remaining ten-man crew 
merely by reducing the frequency of certain cleaning 
operations. In spite of this reduction, our plant is 
cleaner than it has been in the past and we are con- 
fident that our men are working at a normal work 
pace, close to 100 per cent of the time, due to the 
standard we are using. 

Foundry laboring jobs were next on our list. Men- 
tal ratio delay studies indicated that our crew pre- 
paring and delivering facing sand to our molders was 
overstaffed. Ours is an old type foundry, 90 x 525 ft, 
in which there are 55 jolt squeezer floors and 5 bench 
floors. These molders daily use about 180 wheelbar- 
rows full of special facing sand prepared in a sand 
conditioning unit composed of a muller and a screen- 
erator. Eighteen men mixed and delivered this sand 
to the molders. No attention was given to methods 
or work load. 

Figure 5 illustrates the conditioning unit. Con- 
trols for the motors and the addition of oil and water 
were at the upper level; so one man was stationed 
up there. The bins for sea coal and other additives 
were at the ground level. An assistant operator stood 
there and made these additions plus dumping the 
wheelbarrows full of sand into the feed hopper. Our 
studies proved that each of these men had a 60 per 
cent work load. The short conveyor from the screen- 
erator dumped the conditioned sand on the floor. 
From this pile the laborers shoveled the sand into 
wheelbarrows or on a pile for storage. 

Four molder service men delivered the facing sand 
anywhere in the foundry by wheelbarrow with no 
regard to work load. As previously mentioned, the 
writer's foundry is 525 ft long. This sand unit is 
180 ft from one end. These service men delivered 
their sand to one end of the foundry and returned 
empty, a total of 690 ft. Three other men, foundry 
laborers, took their empty wheelbarrows to these 


Fig. 4—Quality Survey of 
Janitorial Service Chart. 


same heaps later and removed excess sand and de- 
livered it to the muller for conditioning. Sand al- 
ways had to be removed from heaps where facing 
was delivered to reduce excess sand. 

The -three improvements made were these: 

1. All wheelers were to travel loaded both ways. 

2. Operating controls were lowered; so a man on 
ground level could both operate and fill the 
hopper. 

3. Wheelbarrows were placed directly under the 
conveyor belt so the sand went into the wheel- 
barrow without shoveling. Practically no sand 
goes into storage now. Wheelers dumped their 
sand into the hopper without waiting for the 
operator. 

As a result of this, an 18-man crew was reduced to 

a 13-man crew with no change in the output. It was 
felt that one man must remain at the muller as oper- 
ator, so no load problem resulted here. In fact with 
present production his load is close to 100 per cent. 
The sand delivery men presented a challenge. The 
foundry was divided into bays (Fig. 6). These bays 
were numbered from 1 to 24. We then arrived at an 
allowable travel time, to and from each bay, to the 
conditioning unit. These allowances also appear in 





Fig. 5—Sand conditioning unit showing controls. 
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STANDARD TRAVEL TIME PER Bay 


Work Loads In Minutes 





Man No. 1 = 271.76 min 
Man No. 2 = 271.44 min 
Man. No. 3 = 268.16 min 
Man No. 4 = 274.32 min 


Fig. 6—Showing standard 
travel time per bay. 
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the figure. We also have indicated the number of 
loads required in each bay daily. Since our floors are 
rather constant, the requirements for each area does 
not fluctuate much. Besides the variable travel times 
indicated, 3.57 minutes in constants is allowed for 
exchanging wheelbarrows, load sand, dump sand, etc. 
This constant is added to the variable travel times to 
give the time to deliver each load to the floor, load 
up heap sand, and return to the unit. This time is 
then multiplied by the load requirements for each 
bay to arrive at the proper time requirements for it. 
The allowance per load varies from 4.63 minutes for 
the short hauls to 6.31 minutes for the longest haul. 

Under the circumstances, the division of work into 
certain areas seemed advisable. Each wheeler was as- 
signed a number of molders to service on each side 
of the gangway which would divide the work as 
evenly as possible, dependent upon the number of 
loads and the length of travel. The crew was re- 
duced, yet the men were not given a 100 per cent 
load. This was done to maintain good delivery serv- 
ice to the molders. It is important to reduce the 
crew as much as possible, without interfering with 
services to the production men. 

Our most recent job involved our Casting Storage 
Dept. This job was easy and obvious. We had two 
men in our casting storage area. One headman kept 
records of parts in storage; the casting storage helper 
handled parts by hand from wheelbarrows to skids or 
directed the lift truck operators where to store their 
skids. Most castings came in skids. Only those that 
went direct to storage from foundry grind were 
handled by wheelbarrow. 

Again, mental ratio delay studies impressed us that 
these men were not fully occupied. Timestudies veri- 
fied our thinking. One man was working 53 per cent 
of the time and the other 54 per cent of the time. 
In other words, two men were putting in 9 hrs of 
work in an 8-hr day. One hand trucker was deliver- 
ing castings to this department from the grinding 
room. He did not look too busy either, yet the stor- 
age helper was unloading castings for him. We 
checked with supervision to discover what they knew 
about it. The foreman knew the man was not fully 
occupied, but he had to have a man, and you cannot 
have half a man. Our answer was’ simple enough. 
We removed the trucker and had the storage helper 
go after his own castings to store. This eliminated 
only one man, but one out of three is 3344 per cent. 
The work load on the remaining men is slightly over 





70 per cent. Whenever we have the opportunity to 
do more revamping, we may be able to reduce even 
more. 

Standards were established for pushing and unload- 
ing each load. This was not done as accurately as 
other data but we did record the travel time, the 
recording, and the unloading to come up with a per 
load time of 5.23 minutes. This will be of value to 
us only in that we will know how much time is spent 
on this work. Delivery tags accompany each load, so 
we encounter no difficulty in keeping track of the 
time element. When and if any complaint arises on 
the amount of work being done by this trucker we 
will get the answer easily. 

Some of you may be wondering about our union. 
Some may probably feel that we may be operating 
a non-union plant. Actually we have an aggressive 
union following a most militant program. All our 
employees have benefited by our improved house- 
keeping and all our men, including the union, have 
gone along with the program. Our janitors have 
told us that now they know what the company ex- 
pects of them. 

In our foundry we had arguments for several days, 
but after that our men went along with that pro- 
gram. Here again stewards and operators agreed that 
now we have system to their work. When a work 
load is measured and equalized through measure- 
ment it reduces rather than causes complaints. 


DISCUSSION 


Chairman: C. J. PRuET, McWane Cast Iron Pipe Co., Birm- 
ingham, Ala. 

Co-Chairman: R. E. Evert, Eaton Mfg. Co., Vassar, Mich. 

L. L. MartINn*: Why do you not put the janitors on an incen- 
tive basis since their jobs are already measured and timed 
by studies or standard data? 

Mr. LEHMANN: We discovered such poor control of our work 
loads that we were able to affect considerable savings by even 
approaching a 100 per cent work load for our janitors. We 
grant that our standards data could be used to put this job 
on an incentive basis, but there are numerous aspects of putting 
this work on incentive which we did not explore. 

R. G. SCHLENER*: How far could you go in utilizing M.T.M. 
time values in arriving at standards for your foundry 
operations? 

Mr. LEHMANN: M.T.M. was not used on any of the foundry 
work discussed in this paper. We do use M.T.M. in the develop- 
ment of many of our incentive jobs in foundry and machine 
shop work. Many of the values in the office janitor standards 
were established using M.T.M. There is no doubt in my 
mind that M.T.M. could be used in a limited way on some 
of the foundry daywork jobs. 


1 The Sterling Foundry Co., Wellington, Ohio. 
2 Methods Engineer, Minneapolis Electric Steel Co., Minneapolis, Minn. 











RISERING OF NODULAR IRON: 


By 


R. C. Shnay** and S. L. Gertsman*** 


Part I: Risering Semi-Circular Plate Castings 


Several authors!*3456 have indicated that the 
shrinkage of nodular iron is greater than that of gray 
iron and, therefore, heavier risers, approaching those 
used in steel practice, are needed. However, a search 
of the literature failed to uncover any specific data on 
the feeding requirements of nodular iron. It was de- 
cided, therefore, to initiate an investigation with a 
view to determining empirical relationships which 
could be used to help the foundryman produce sound 
nodular iron castings with maximum yield. 

Studies by Chworinov,? Caine® and Pellini and 
his co-workers® have produced a fund of quantitative 
data which can be directly applied to the production 
of steel castings. Although these authors were mainly 
concerned with the risering requirements of steel 
castings, their fundamental concepts are applicable to 
any metal or alloy and, therefore, have been employed 
in this investigation. 


Experimental Methods 


A 500-pound induction furnace was used to melt 
charges of wash metal (4.25 per cent carbon), low 
phosphorus pig iron and steel scrap. The metal was 
tapped at 1450 C, +10 C (2640 F +20 F) into a 
teapot-type ladle. The nodularizing agent used was a 
9 per cent magnesium, ferrosilicon magnesium alloy. 
Half of this alloy was placed in the bottom of the 
ladle just before tapping and the other half was 
added to the stream. After stirring and skimming the 
ladle, some 50 per cent ferrosilicon was added as a 
further inoculant. 

The time elapsing between tapping the furnace and 
pouring the first mold was maintained at 3 min +30 


* Published by permission of the Deputy Minister, Depart- 
ment of Miaes and Technical Surveys, Ottawa, Ontario, Canada. 

** Metallurgist, Physical Metallurgy Division, Mines Branch, 
Department of Mines and Technical Surveys, Ottawa, Ontario, 
Canada. 

*** Head, Steel, Foundry and Heat Treatment Sections, Physi- 
cal Metallurgy Division, Mines Branch, Department of Mines 
and Technical Surveys, Ottawa, Ontario, Canada. 
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sec. Since the same weight of metal was melted every 
time, it can be safely assumed that the temperature 
at which the metal actually entered the molds re- 
mained reasonably constant from heat to heat. In 
order to avoid any systematic bias due to the decrease 
in metal temperature during pouring, the sequence 
in which the molds were filled was randomized.* 
That is, in any one heat every conceivable sequence 
had an equal chance of being selected. 

The molds were prepared by hand and the flask 
sizes were chosen so that every surface of the cast- 
ing and the riser was surrounded by at least 2 in. of 
sand, with the exception of the upper surface of each 
riser which was left uncovered. A synthetically-bonded 
New Jersey sand of AFS Fineness No. 70 was used 
with a 4 per cent addition of bentonite. Table 1 shows 
the results of tests carried out on a sample of this 
sand. 


TABLE 1—TyYPICAL PROPERTIES OF SAND USED IN THIS 








INVESTIGATION 
Screen Test 
U.S. Screen Per Cent Property 

No. Retained 

40 0.2 Moisture, % 5.7 

50 1.2 Permeability 67 

70 24.7 Green Compressive Strength, psi 5.5 
100 59.2 Green Tensile Strength, 0z/sq in. 5.6 
140 13.3 Green Deformation, in./in. 0.032 
200 0.6 Dry Compressive Strength, psi 150 
270 0.5 
Pan 0.2 


A.F.S. Fineness No. 70.1 





Semi-circular plate castings similar to those used 
by Pellini and Bishop® were used. Figure 1 shows a 
photograph of one of the test castings with the sprue 
and runner still in place. 

Metallographic and carbon “pencil” samples were 
taken at random from one casting of each heat. A 


* Code numbers were assigned to each casting in the heat and 


a table of random numbers was used to determine the pouring 
sequence. 


54-40 





Sao eT 


1S 
is 











R. C. SHNAY AND S. L. GERTSMAN 





Fig. 1—Photograph of a test casting. 


sample consisting of drillings taken from one of the 
risers was analyzed for silicon, sulphur, manganese, 
phosphorus and magnesium. In this way a chemical 
and a metallographic check was obtained on every 
heat. 

Plates with thicknesses of 14, 1 and 114 in. were 
cast with risers of 2, 3, 4 and 6 in. in diameter. For 
the 2, 3 and 4-in. diam risers the heights used were 
h= 34d, h =z d, h = 14d and h =1Y%d (h = riser 
height; d — riser diameter). At the time of writing 
only two heights h = 34d and h = d had been used 
for the 6-in. diam risers. The plate diameters were 
varied in steps of 1 in. Each combination of plate 
thickness, plate diameter, riser diameter and riser 
height was repeated in at least three different heats; 
except in cases well below the critical dimensions. 


Soundness Evaluated by Radiography 


The soundness of each plate was evaluated by 
radiography at 114 per cent sensitivity. The absence of 
any noticeable shrinkage at this level of sensitivity 
was chosen as the criterion of soundness. In doubtful 
cases, deep-etch tests were carried out and further 
replications of the casting were made in subsequent 
heats until a definite conclusion could be reached. 
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Fig. 2—Chart showing feeding distances obtained with 
1/-in. plates. 
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Fig. 3—Chart showing feeding distances obtained with 
1-in. plates. 


Experimental Results 


It has been stated?° that risers perform two distinct 
functions: (1) to act as a reservoir of liquid metal, 
(2) to promote directional solidification, Even though 
a riser may be large enough to fulfill the first function, 
if the distance between the risers, or between the 
riser and the casting edge, is too great, favorable con- 
ditions for directional solidification will not prevail 
throughout the casting. This will result in dispersed 
or center-line shrinkage. 

During the early stages of the investigation, it be- 
came apparent that center-line shrinkage remote from 
the riser and gross or spongy shrinkage under or im- 
mediately adjacent to the riser were two separate 
problems. This report deals with both problems since 
it is fully recognized that a completely sound cast- 
ing can be produced only when both are solved. How- 
ever, the first part of this section is concerned solely 
with the question of center-line shrinkage remote 
from the riser. The presence or absence of shrinkage 
in the under-riser area is considered later. 
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Fig. 4—Chart showing feeding distances obtained with 
11/-in. plates. 
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(a) Center-line or Dispersed Shrinkage Remote from 
Riser — The feeding distance of a riser is the term 
that will be used here to describe the distance from 
the perimeter of the riser to the furthest edge of the 
largest casting that can be made free of dispersed or 
center-line shrinkage without the use of chills or 
padding. For any given plate thickness there is a 
maximum feeding distance or range which cannot 
be increased by increasing the size of the riser. This 
maximum feeding distance is primarily dependent on 
the section thickness of the casting, but will vary for 
different materials and for different risering condi- 
tions. 


Feeding Nodular Iron Plates 


As the first step in this project, an attempt has been 
made to determine the maximum feeding distances 
for nodular iron plates using uncovered open risers. 

Results obtained using the semi-circular plates are 
presented in Fig. 2, 3 and 4. The hatched bars rep- 
resent the feeding distance of risers with the propor- 
tions h = 34d. The additional feeding distances ob- 
tained by increasing the riser heights are represented 
by the open bars. The minimum riser height which 
produced this additional feeding distance is in each 
case indicated in the open bar. For example, increas- 
ing the height of the 4-in. diam riser used for the 1- 
in. plate (see Fig. 3) from 3 to 5 in. (h = 34d to 
h = 114d) increased the feeding distance 14 in. A 
further increase in height to 6 in. (h = 114d) failed 
to produce any further increase in feeding distance. 
As mentioned previously, no data were obtained for 
6-in. diam risers greater than 6 in. in height. 

In the case of the 14-in. plates (see Fig. 2), the 
2-in. diam risers were too small to take advantage of 
the maximum feeding distance of 414 in. In each case 
(2, 3, 4 and 6-in. diam risers) increasing the riser 
height added only 1% in. to the feeding distance. 

The 2-in. diam risers had no appreciable feeding 
distance when used with the 1-in. plates; and the 3-in. 
diam risers were too small to attain the maximum 
feeding distance (see Fig. 3), Although the 4-in. and 
6-in. diam risers show feeding distances of 414 and 5 
in, respectively, it must be remembered that since the 
plate diameters were varied in steps of | in. the small- 
est increment in feeding distance that could be meas- 
ured was 4 in. The maximum feeding distance in 
this case is probably between 414 and 5 in. for the 
h = 34d risers. Again increasing the height of the 
risers added only 1% in. to the feeding range. 

Figure 4 summarizes the data obtained on the feed- 
ing of the 114-in. plates. It was found that in this 
case the 3-in. diam risers were too small to have any 
appreciable feeding distance. It would be necessary 
to go to at least one more increment in riser diameter 
in order to determine the maximum feeding distance 
for the 114-in. plates. 


(b) Gross or Spongy Under-Riser Shrinkage — If 
the information contained in Figs. 2, 3 and 4 is to 
have any direct practical value, the question of shrink- 
age under or immediately adjacent to the riser must 
be considered. It was found that once the maximum 
feeding distance was obtained, increasing the riser 
diameter had no effect on the feeding distance and 
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increasing the riser height produced only a slight 
increase in feeding distance. 

However, it was also found that in the 1-in. and 
114-in, plates the riser height had to be greater than 
34 of the riser diameter in order to eliminate the 
under-riser shrinkage. In the case of 14-in. plates, 
h = 34d risers were sufficient to eliminate under-riser 
shrinkage at the maximum feeding range. However, 
the 4-in. risers used with the l-in. plates had to be 
at least 5 in. high (h = 114d) in order to achieve un- 
der-riser soundness at the maximum feeding distance 
of 414 in. For both the | and 114-in. plates, 6 in. diam 
risers, 6 in. high were found to produce complete 
soundness when used at their full feeding distance. 

In every case the risers which showed a definite 
feeding distance but were too small to achieve the 
maximum feeding distance (e.g. the 2-in. diam riser 
used with the 14-in. plate) showed under-riser shrink- 
age even when the riser height was increased to h = 
14d. 

From the above it is apparent that a simple rule 
of thumb for riser heights (such as h = 114d for steel) 
cannot be formulated for nodular iron. However, 
Caine has developed a mathematical expression which 
is said to represent the boundary conditions for 
shrinkage under or immediately adjacent to the riser 
for any metal or alloy. The basis for this expression 
is the relation between the solidification time and the 
Biol developed by Chworinov.* Caine’s equa- 
surface area 


: ‘ a 
tion is of the form x = yor c, where x = 


volume of the riser* 
surface area of the riser 


surface area of the casting 


volume of the casting 
riser volume ‘ 
and y = —. . Constant c is a measure 
casting volume 
of any change in the relative freezing rate of the cast- 
ing and riser. 

If both casting and riser are surrounded by sand 
constant c is 1.0. If an exothermic compound is used, 
c will be less than 1.0 and if, as in these experiments, 
the riser are open, constant c should equal some value 
greater than 1.0. Constant b represents the “relative 
contraction of the metal or alloy on solidification”. 
Although some doubt exists concerning the actual 
meaning of constant a, it is believed to represent the 
solidification characteristics of the material. The plot 
of this expression is a hyperbola asymptotic to x = ¢ 
and y = b. 

The x and y values mentioned above were com- 
puted for every casting made during the course of this 
investigation. The contact area between the riser and 
the plate was not included in the surface area of 
either. The results of these calculations were plotted 
in such a way that the castings which were sound in 
the under-riser area could be distinguished from those 
that were not. Five points were found which could 
be safely taken as border-line or critical cases and a 








a 
curve of the form x = 77 c was fitted to these 
points. 


* Riser volume in this report refers to the volume of the riser 
before any contraction takes place. 
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Fig. 5—Curve representing boundary conditions for under- 
riser shrinkage in nodular iron using 2, 3 and 4-in. diam 
open risers. 


Following Caine’s suggestion,® several values of b 
ranging from 0.05 to 0.07 were tried, but the best fit 
was obtained for b = 0.05. The values found for a 
and c were 0.40 and 1,35 respectively. The calculated 
curve is shown in Fig. 5. Approximately 175 points 
were plotted representing about 395 castings. 

After superimposing the calculated curve on the 
diagram it was found that 29 points did not con- 
form. That is, the castings represented by these points 
showed shrinkage or soundness when according to the 
curve the opposite should have been the case. Of these 
29 points, 25 represented castings with 6-in. diam 
risers, which showed shrinkage when they should 
have been sound. It therefore appeared that the 
curve did not represent the castings with 6-in. diam 
risers and after all these were omitted only 4 out of 
approximately 125 points failed to conform. None of 
these points was very far from the plotted curve. 

(c) Effects of Chemical Composition — In the case 
of nodular iron, unlike in steel, one would expect 
substantial variations in feeding distance and shrink- 
age with changes in composition. Throughout this 
investigation there were considerable variations in 
composition. Figure 6 shows the variations in the 
concentrations of the six important elements*, It was 


* Spectrographic analyses showed that no significant concen- 
trations of any other elements were present. 
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Fig. 6A—Distribution of carbon contents. 
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found that the feeding distance did not appear to be 
appreciably affected by these compositional variations 
—except in the case of the 114-in, plates, which ap- 
peared to be affected to a somewhat greater extent 
than the others. 

The size and shape of the gross or spongy under- 
riser shrinkage areas appeared to vary with composi- 
tion but their presence or absence did not. 

The metallographic sample provided another means 
of checking the composition. Any heat for which the 
sample showed a microstructure substantially dif- 
ferent than that shown in Fig. 7 was not used in this 
investigation. 





Fig. 7—Photomicrograph illustrating microstructure of a 
sample taken from a typical heat. Etch—2% nital. 
Maég.—100x. 


Discussion 


In this investigation it was found that the riser 
diameter had to be greater than twice the plate thick- 
ness if any appreciable feeding distance was to be ob- 
tained. This fact is to be expected because when the 
riser diameter is equal to twice the thickness of a 
semi-circular plate the volume/surface area ratio of 
the riser is less than that for the plate. Therefore, 
the riser should have been completely solidified while 
the plate was still liquid. 

In order to obtain the maximum feeding distance 
the riser diameter had to be more than | in. greater 
than twice the plate thickness. Risers which were too 
small to obtain the maximum feeding distance still 
produced under-riser shrinkage when the riser height 
was equal to 114 times the riser diameter. 

On the basis of the work done so far, it appears 
that nodular iron does require risers approaching those 
used for steel: castings. Maximum feeding distances 
for 14 and 1l-in. nodular iron plates are similar to 
those found for steel.? However, it appears that for 
thinner sections shorter risers (h = 34d for 4-in. 
plates) can be used. 

It is significant that the theoretical curve developed 
by Caine® does fit the data for nodular iron as well 
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as it does for steel. In the case of steel using blind 


; : ; 0.12 
risers, the expression has been given as x = 7a 


+ 1.00. The difference between the c constants is 
probably due to the use of the open risers in this 
investigation, since some tests with blind risers showed 
that they tended to shift the curve to the left thereby 
decreasing the value of c. 

The fact that the a constant for nodular iron is 
more than three times the value of the a constant 
for steel should help to shed some light on the exact 
nature of this term. Although the 6 constant is ap- 
parently equal in both cases, too much emphasis 
should not be placed on this finding, since the posi- 
tion of the knee of the curve is relatively insensitive 
to small changes in b. 


Conclusions 


Although this report covers only the first part of the 
project some general conclusions can now be drawn: 

1. The feeding requirements of nodular iron cast- 
ings do approach those of steel castings. 

2. The minimum riser height needed to eliminate 
under-riser shrinkage at the maximum feeding dis- 
tance is definitely less than h = 114d for 1, 1 and 
114-in. plates and varies with the plate thickness and 
possibly the riser diameter. 


3. A curve of the form x = st c can be used 


to represent boundary conditions for under-riser 
shrinkage in nodular iron castings. The value of the 
a constant was found to be about three times greater 
than that for steel castings. It was found that the c 
constant of 1.35 was definitely decreased by the use 
of blind risers, so that this constant is probably in- 
dependent of the material. 

4. The feeding requirements of 14-in. and 1-in. 
nodular iron plate castings appear to be fairly insen- 
sitive to the composition fluctuations encountered in 
this experiment. 
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Chairman: R. A. CLARK, Electro Metallurgical Co., Detroit. 
Co-Chairman and Secretary: G. VENNERHOLM, Ford Motor Co. 


Dearborn, Mich. 
W. S. PeLtint (Written Discussion): It is my understanding 
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Fig. A—Some variables that may affect riser behavior. 


that this paper is the first of a series planned by Messrs. Shnay 
and Gertsman on the problem of risering nodular iron. I wish 
to congratulate the authors not only for this paper but also for 
the plan of approach, based on a careful investigation of the 
important variables that determine riser size and placement. 
The long range need in this field is “numbers” rather than 
opinions—in this I do not mean to disparage opinions, par- 
ticularly those of qualified practical foundrymen, but to 
emphasize that opinions are usually generalities and “numbers” 
are specific guides. The practical foundryman should recognize 
that what is being developed here is the equivalent of an “arith- 
metic table’—such tables for feeding range of plates, bars, etc., 
may not solve all problems directly but are the basis for solving 
most practical problems of more complex shapes. All castings, 
no matter how complex, are composed of various forms of simple 
shapes. 

It is interesting to note that risers which are too small to 
give a maximum feeding distance are inadequate insofar as 
preventing under-riser shrinkage is concerned. The distinction 
between feeding range and riser sufficiency (as two separate 
problems) is relatively new and foundrymen are just beginning 
to appreciate its significance. In simple terms, this means— 
make your risers sufficiently large to eliminate under-riser 
shrinkage (sufficient) and you will have (automatically) the 
maximum feeding range possible. This is well demonstrated 
by the data presented by the authors. 

I would suggest that in future work the authors “forget” 
about feeding range of risers which are inadequate. We adopted 
this attitude in our studies of steel castings—the feeding range 
of risers which are not of sufficient size to prevent under-riser 
shrinkage is of no practical significance. Once this has been 
demonstrated further work should be concentrated entirely on 
risers of sufficient size. I would like to see the authors investi- 
gate feeding range of nodular iron as a function of shape, i.e., 
for bars, semi-plates, joined sections, all with sufficient risers. 

There is an indication in this work that the optimum 
geometry of risers for nodular iron may be different from that of 
steel risers. We consider that a riser which has a height (h) 
equal to 14 its diameter (h = 14 D) is to be preferred for 
reasons of maximizing yield. For nodular iron ‘this may be too 
short because of the tendency to develop a “spongy” shrinkage 
zone at the riser-casting intersect area. The author’s comments 
on this point are of interest to me. 


1. Head, Metallurgy Division, Naval Research Laboratory, Washington, D. C. 
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Mr. SHNAY (Reply to Mr. Pellini): The authors are indeed 
pleased to receive this written discussion from Mr. Pellini. 
The work done to date on inadequate risers has been car- 
ried out for two reasons: 

1. To determine the minimum size of riser needed for 

nodular iron plates. 

2. To check whether the maximum feeding range is ob- 

tained by the riser which is just adequate. 

It has been pointed out in the paper and in the ensuing 
discussion that since most of the work on risering has been 
done on steel castings, the approach used by Mr. Pellini and 
other workers in this field has been adopted. However the 
basic information obtained in these studies on steel castings 
cannot be automatically extended to nodular iron castings. 

From the work done to date it appears that for nodular 
iron castings the optimum riser geometry is somewhere between’ 
h = 3d and h = d, for uncovered risers. There is some 
indication that this riser geometry may be dependent on the 
section thickness of the casting. The spongy shrinkage which 
usually lies below an area of gross shrinkage in the riser ac- 
counts for the extra height necessary for an adequate riser. 

C. C. REYNOLDs AND H. F. Taytor (Written Discussion) A 
search of the literature reveals that no paper on risering ductile 
iron has been presented previously to this one. This is not due 
to lack of interest, but to the complex nature of the problem. 
To compare ductile iron with steel, in respect to any quanti- 
tative evaluation of risering, several factors must be considered 
in a quantitative investigation of risering ductile iron: 

(1) No solid skin is formed (as in steel) during much of 
the solidification cycle of ductile iron (i.e. mushy type freezing 
prevails); 

(2) during solidification the entire casting will be at the 
same temperature and only gradients in heat content will exist; 

(3) deformation of green sand molds during solidification 
creates a potential problem in ductile iron; 

(4) amount of graphite formed and 

(5) the time of graphite formation and growth to compen- 
sate for shrinkage; 

(6) riser location is important to riser size: 

(7) the feeding potential of risers, and liquid life of riser 
and casting, vary greatly in irons and steels; and 

(8) gross areas of dispersed (interdendritic) shrinkage may 
exist in irons depending on composition. 


2. Massachusetts Institute of Technology, Cambridge, Mass. 
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The authors, in choosing plates, have drawn conclusion from 
a very limited system and have used an x-ray criterion of 
soundness which is not sensitive enough to pick up finely 
dispersed shrinkage in certain compositions, if it exists. Tensile 
test data would be a better means for detecting fine shrinkage. 
In using a limited system, the importance of some factors are 
lessened and generalizations should not be made from such re- 
stricted data. In the system of Fig A, consisting of a 3-in. diam 
cylinder 9 in. high, one can see that mold material and carbon 
and silicon contents are important variables which can greatly 
affect riser behavior. 

The authors are to be commended for presenting their work 
and thoughts on a difficult subject devoid of previously pub- 
lished information. This discussion is presented only to point 
out some of the pitfalls in a single quantitative appraisal of 
riser size for ductile irons in general. It is believed the authors’ 
findings must be rigorously applied to the conditions of the 
actual experiments, and not extrapolated to other shapes, other 
compositions, or other conditions such as mentioned above which 
can operate singly or in combination to affect riser behavior. 

J. B. Caine (Written Discussion):* The authors are to be con- 
gratulated on an important pioneering work on the risering of 
a new metal. This work is important from both practical and 
theoretical standpoints to the point of warranting a rather 
lengthy discussion, carried to the point of speculation. 

First, Fig. 5 should be definite proof that nodular iron must 
be risered. This point is of immediate importance, for attempts 
to gate and riser this new metal, like gray iron, have caused 
so many defective castings as to interfer with its acceptance. 
In fact, if the curve of Fig. 5 is compared with that for steel 
it will be found that the riser size required, especially for 
“chunky” nodular iron castings exceeds that required for 
steel. This is true even though constant c is lowered to 1.0 
to compensate for the adverse temperature gradients imposed by 
the uncovered open risers. 

A similar condition is shown by Figs. 2, 3 and 4 for feeding 
distance. The feeding distance decreases from 10 times the sec- 
tion thickness (10T) for 4-in. plates to 5T for 1-in. plates to 
3T for 114-in. plates. This corresponds to steel feeding dis- 
tances of 7T to 414T. In other words the feeding distance of 
plate sections of nodular iron more than | in. thick is less 
than that of steel. It is possible that even thicker plate sections 
and particularly square and round sections will show even 
lower feeding distances. This all adds up to the fact that all 
the tricks of the steel foundryman, and possibly more, will be 
necessary to cast sound nodular iron castings. 

The theoretical aspects of this paper may be even more im- 
portant because of their more general significance. A comparison 
of the solidification and feeding characteristics of steel and 
nodular iron has more significance than just a comparison of 
these two metals. It so happens that we are comparing the 
solidification characteristics of a relatively pure metal (steel) 
that freezes dendritically and an alloy of almost eutectic com- 
position with a different type of solidification. Therefore, such 
a comparison should have basic significance to most all alloy 
systems, ferrous and nonferrous, for most of these systems 
show the same change from dendritic to eutectic solidification 
as the alloy content is increased. Gray iron is the most important 
exception due to its expansion on solidification. 





RISERING OF NopDULAR IRON 


The results of this paper emphasize the great difference in 
solidification of a hypoeutectic alloy of iron, carbon and silicon 
caused by little more than a trace of magnesium. These re- 
sults are also a good check on the findings of the Naval Re- 
search Laboratory that only a minor fraction of the carbon 
in liquid nodular iron is rejected as graphitic nodules in the 
liquid phase. Most of the alloy freezes as a solid solution of 
iron and carbon, the carbon then rapidly diffusing out of 
solution to the nodules, either during the last stages of solidifica- 
tion, or after the alloy is completely solid. This is a difference 
only in time from the solidification of the same alloy without 
magnesium when most of the carbon is rejected as graphite in 
the liquid phase during solidification. 

This explains why just a trace of magnesium changes the 
solidification so markedly and also emphasizes the aimost split 
second nature of the graphite or carbon rejection. Many seem- 
ingly mysterious changes in all the properties of nodular iron 
can be explained if this great difference caused by just a minor 
change in timing of graphite rejection is kept in mind. 

Another rather general surmise from the results of this 
paper is that an eutectic alloy like nodular iron is more diffi- 
cult to feed sound than a dendritic alloy such as steel. The 
reverse is almost the universal belief of the foundry industry. 
It is hoped that the authors will expand on the exact type 
of shrinkage found in their castings in a subsequent paper. 
One possible explanation of these contradictory thoughts is 
that eutectic alloys freeze to cause dispersed shrinkage that 
usually is not observed except by radiography, or some test more 
severe than visual inspection. Dendritic alloys freeze to form 
larger, more visible voids. An important possible point that 
many alloys that are now cast because they are presumably 
easier to feed are actually the wrong alloy to use if radiographic 
soundness, or pressure tightness is required. 

Victor PascHkis (Written Discussion):+ This paper presents 
some very interesting findings but raises also some questions, 
particularly in the neighborhood of the riser itself. Mutual 
influence between the riser and the casting is possibly important. 
Thus risering should not be discussed in abstract terms but 
should include the entire geometric picture involved. This 
is particularly important since it has been proven that Chvor- 
inow’s concept holds only approximately and only in the case 
of simple shapes such as a long cylinder, a large slab without 
end effects or a sphere. It does not hold wherever there are 
corners involved such as occur in most cases between riser and 
casting. 

I would suspect that also the degree of superheat would have 
an effect on the necessary size of the riser. 

Referring to the author’s Fig. 5, I would asume that it is 
meant to be used for the determination of an adequate riser 
for a given casting. If the figure is used for that purpose, one 
would start with the known volume of the casting and its sur- 
face area. One can then by trial and error find the desired 
riser but I wonder if the solution is uniquely defined; is only 
one riser satisfactory for a given casting? It would be very 
interesting to know the thermal properties of nodular iron in 
order to examine conditions analytically. 


3. Foundry Consultant, Cincinnati, 
4. Columbia University, New York. 
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EFFECT OF GRAPHITE FLAKE SIZE ON TENSILE AND 
FATIGUE PROPERTIES OF GRAY CAST IRON 


By 


R. W. Lindsay* and J. H. Hoke** 


ABSTRACT 


Influence of graphite flake size on certain mechanical proper- 
ties of gray cast iron was investigated. A variation in flake size in 
a constant matrix structure was achieved in the following fash- 
ion; Cupola iron from the daily production of a large foundry 
was poured into bars of I-in., 3-in., and 6-in. diam. One set 
of bars was poured without ladle treatment, while a second 
set was poured from the next ladle which had been treated with 
silicon-manganese-zirconium inoculant. Variation of casting 
section size served to produce a variation in average flake size 
of the graphite. However, this also introduced a variation in 
matrix structure. Blanks were then prepared from each size of 
bar of uninoculated and inoculated iron, and these blanks were 
subjected to a quench-and-temper heat treatment to produce 
constant matrix structures. This heat treatment consisted of 
quenching in oil from 1675 F and tempering at 1000 F, fol- 
lowed by air cooling. 

These heat-treated blanks were used to prepare specimens for 
tensile tests, fatigue tests, modified bend tests, and damping 
capacity measurements. Results from tensile tests and fatigue 
tests are presented. Increase of graphite flake size was shown 
to cause decreases in tensile strength, apparent modulus of 
elasticity in tension, and endurance limit. Tensile strength was 
decreased by about 25 per cent and endurance limit was de- 
creased by about 35 per cent when graphite flake size was in- 
creased from size 5 to size 3 in the flake-size classification pub- 
lished by the American Foundrymen’s Society. Causes for changes 
in properties produced by change in graphite fluke-size are dis- 
cussed. 


Microstructure of gray cast iron essentially consists 
of (a) the steel-like matrix in which there are em- 
bedded, (b) flakes of graphite. Properties of any gray 
cast iron are dependent on these two features of the 
structure. Various papers!-!© have been presented 
concerning variations in these structural features, and 
the possible or actual factors causing these variations. 


The specific effect of flake graphite, in itself, on. 
the mechanical properties of gray cast iron has not’ 


been studied extensively. Many investigations!!-?°.?2 
have included some study of the effects of variations 
in the size, shape, amount, and distribution of the 
flake graphite. However, other structural variations 
were often present, such as differences in the matrix 


* Professor of Physical Metallurgy, The Pennsylvania State 
University, State College, Pa. Technical paper No. 53-46 from 
the School of Mineral Industries. 

** Instructor, Department of Mechanical’ Engineering, The 
Johns Hopkins University, Baltimore, Md. 
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structure, and these tended to obscure the actual 
effects due to the graphite particles. Matrix differ- 
ences would include variations in the interlamellar 
spacing of pearlite, and in the combined carbon con- 
tent of the matrix. 


Therefore, the primary purpose of this investiga-* 


tion was to study the effect of variations in graphite 
flake size on some mechanical properties of gray cast 
iron while holding other structural features essen- 
tially constant. This study was made on the basis 
of comparative tests of some of the properties which 
are used in evaluating gray cast iron for service. Ten- 
sile tests, fatigue tests, modified bend tests, and damp- 
ing capacity measurements were made. Only the re- 
sults from the tensile and fatigue tests will be dis- 
cussed. 
Experimental Procedure 

Control of Foundry Variables—Iron used in this in- 
vestigation was obtained from daily production of 
a large foundry. All metal was obtained from the 
same part of a cupola heat and was taken into two 
successive pouring ladles. Metal from one ladle was 
cast at 2600 F, without ladle treatment, into bars 
1 in., 3 in., and 6 in. in diameter, while metal from 
the second ladle was treated with a silicon-manganese- 
zirconium alloy and was also poured at the same 
temperature into the same bar sizes. By this proce- 
dure it was assumed that melting and pouring var- 
iables were held constant and would not affect the 
subsequent results. The analyses of the castings are 
given in Table 1. It will be noted that there is a 
distinct difference in silicon content between the un- 
inoculated bars and the inoculated bars, It is felt 
that these compositional differences would have lit- 
tle bearing on the results to be reported. The me- 


‘TABLE 1—ANALYsIS OF CAsT IRONS USED 








Designation TC. Si Mn 4 S 

2 & & &. & 
l-in. diam bar, uninoculated iron 3.14 1.53 1.06 0.07 0.18 
l-in. diam bar, inoculated iron 3.07 1.87 0.89 0.08 0.13 
3-in. diam bar, uninoculated iron 3.03 1.51 088 0.09 0.13 
3-in. diam bar, inoculated iron 2.99 1.87 091 0.08 0.15 
6-in. diam bar, uninoculated iron 3.13 1.60 1.00 0.07 0.12 
6-in. diam bar, inoculated iron 2.87 1.95 087 0.08 0.14 
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chanical properties are primarily dependent on 
structure, and it will be shown that structural control 
was exerted despite these compositional differences. 

Previous investigation showed a tendency for the 
l-in. diam bars to contain considerable type D gra- 
phite.*! The purpose of the ladle treatment was to 
combat this, and to produce as consistent and as 
random graphite distribution as possible. Further- 
more, the casting of uninoculated iron would make 
possible a study of the effect of graphite distribution 
on properties, if enough variation in distribution 
should be found to exist between the inoculated and 
the uninoculated 1-in. diam bars. 

Grapl.ite Structures—Casting of the bar sizes noted 
in the previous section was expected to result in a 
wide variation of graphite flake sizes. Figures la, 1b, 
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Inoculated 


Fig. 1—Graphite structures present in the irons: (A) 1-in. 

diam bars; (B) 3-in. diam bars; (C) 6-in. diam bars; (D) 

type D structure in 1-in. diam bars. Unetched. Mag.— 
100x. 


Ic and Id show representative photomicrographs 
taken of unetched samples from these bars. It is read- 
ily observed that the l-in. diam bars contained a 
much finer graphite structure than the 3-in. and 6-in. 
diam bars. Also, there was a definite tendency for 
type D graphite to occur in the 1-in. diam uninocu- 
lated bars, and this tendency was not eliminated 
entirely in the inoculated bars of the same diameter. 
The 3-in. and 6-in. bars contained graphite flakes 
that were not greatly different in average size, al- 
though those in the 3-in. diam bars appeared to be 
slightly smaller. 

The comparison of flake sizes was put on an actual 
count or measurement basis in order to get size de- 
terminations for comparative purposes. A method 
similar to one suggested by Piwowarsky?? was used 
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A—Inoculated 


Fig. 2 — Matrix structures 
present in the irons as-cast; 
(A) and (D) 1-in. diam 
bars; (B) 3-in. diam bars; 
(C) 6-in. diam bars. Nital 
etch. Mag.—500x. 
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B—Inoculated Cc 





B—Uninoculated D 


TABLE 2—AVERAGE TENSILE TEST AND GRAPHITE COUNT DATA FOR CAST IRONS OF DIFFERENT FLAKE SIZES 








% of Type 

Tensile Strain, In./In. Graphite D Graphite in 

Designation Strength, psi @ 25,000 psi Count (rea of l-in. Bar 
l-in. diam bar, uninoculated iron 50,950 0.00166 79 -91,-21,-05-0,-05* 6.0 
l-in. diam bar, inoculated iron 52,750 0.00163 76-91 ,-26,-05-0,-0; 2.3 
3-in. diam bar, uninoculated iron 40,900 0.00214 23,-35,-20.-45-1,-05 pee 
3-in. diam bar, inoculated iron 37,250 0.00192 19,-31,-172-45-2,-0; — 
6-in. diam bar, uninoculated iron 38,000 0.00194 11,-21,-12,-45-1,-1, — 
6-in. diam bar, inoculated iron 38,850 0.00213 6o-17,-12.-45-1,-15 oat 


* As an example, this means that 79 flakes intersected none, 91 flakes intersected one, and 21 flakes intersected two lines of the 
grid referred to in the text, while no flakes intersected three, four or five lines of the grid. 





to show in semi-quantitative fashion the variations 
present in graphite flake size. The unetched struc- 
tures were viewed at a magnification of 100 on the 
ground glass of a metallographic microscope. The 
ground glass had drawn upon it a 3-in. square which 
was subdivided into smaller squares 14-in. on a side, 
thus forming a grid. The 14-in. dimension represents 
an unmagnified dimension of 0.005 in. 

Graphite counts were made on various areas chosen 
at random, and the results were recorded and aver- 
aged for each specimen. Any one graphite count con- 
sisted of determining the number of flakes that would 
intersect none, one, two, three, etc. lines of the grid 
in each randomly chosen area. Thus, a designation 
such as 239-17,-15,-53-1; means that 23 flakes inter- 


sected no lines of the grid, 17 intersected one, 15 in- 
tersected two, 5 intersected three, and | flake inter- 
sected five lines. By comparing such counts made on 
cxmples taken from each of the uninoculated and 
inoculated brrs, it was possible to classify the bars 
in semi-quantitative fashion on the basis of their 
average flake sizes. 

The graphite counts were made on areas adjacent 
to the fracture surfaces of the tensile test bars. The 
data are included in Table 2. The graphite counts 
obtained indicated that the results of the counts were 
fairly consistent for a give. size of bar in either the 
inoculated or the uninoculated group. Only spot 
checks were made on other types of test bars (i.e fa- 
tigue specimens, etc.) to ascertain that serious varia- 
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tions did not occur. The estimated percentage of 
cross-sectional area of the tensile test bar that was 
occupied by type D graphite is included in the case 
of the l-in, diam bars, This type D graphite occured 
at the centers of the bars as cast, and hence at the 
centers of the test specimens. 

Control of Matrix Structure—As MacKenzie" has 
stated, gray cast iron consists essentially of particles 
of graphite embedded in a steel-like matrix. Since 
this investigation was concerned primarily with the 
effect of variations in graphite, it was necessary to 
have fairly identical matrix structures in all cases in 
order to eliminate the matrix as a variable. 

The variations of cooling rate as caused by section 
size had an effect on the matrix structures in the cast- 
ings. Figures 2a, 2b, 2c, and 2d show examples of 
the etched structures observed in each of the as-cast 
irons. The pearlitic structures in the matrices were 
coarser for the 3-in. and 6-in. diam bars than for the 
l-in. diam bars. There was some tendency for free 
ferrite to form adjacent to the graphite flakes. Fer- 
rite formation was the result only of graphite dis- 
tribution in the l-in. diam bars (Fig. 2a vs 2d). The 
secondary ferrite? which formed in the larger bars 
due to their slower cooling rate, seemed to be more 
prevalent in the inoculated irons than in the unin- 
oculated ones. The Rockwell B and Brinell hardness 
values taken on these irons in the as-cast condition 
are listed in Table 3. 

Some investigations were performed with respect 
to matrix structures in order to decide what the most 
feasible plan of attack was for control of the matrix 
structure. Due to various difficulties encountered in 


TABLE 3—-HARDNEsSS DATA OF THE CAST IRONS IN THE 
As-CAsST AND AS-QUENCHED CONDITIONS 











As-Cast Oil-Quenched 

Designation Rockwell B_ Brinell Rockwell C 
l-in. diam bar, uninoculated iron 96 248 49 
l-in. diam bar, inoculated iron 90 259 48 
$-in. diam bar, uninoculated iron 85 212 42 
$-in. diam bar, inoculated iron 84 216 44 
6-in. diam bar, uninoculated iron 78 161 39 
6-in. diam bar, inoculated iron 79 153 38 

A B 
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Fig. 3—Martensitic structure produced by oil quenching 
from 1675 F. Nital etch. Mag.—500x. 


producing a constant pearlitic matrix structure, it 
was finally decided to turn to a quench-and-temper 
method in an attempt to exert control over the matrix 
structure. It is known that a martensitic structure 
similar to that obtained in steels will be produced 
upon quenching cast iron from the austenitic region. 
Preliminary investigation showed that an austenitiz- 
ing temperature of 1575 F was too low to produce 
full austenitization. Therefore, a temperature of 1675, 
F was used for austenitizing, the iron being held at’ 
this temperature for | hr before being oil quenched. 

Table 3 shows the Rockwell C hardness values ob- 
tained for the oil-quenched specimens from the va- 
rious bars. Figure 3 shows an example of the marten- 
sitic structure produced upon quenching the iroris. 
Rockwell C hardness values do not seem to be re- 
liable for hardened gray cast irons because of the 
tendency toward cracking around the indentation. 
This tendency increased with the increase of flake 
size, It is felt that this was due to “crumbling” of 
the iron under the hardness indenter. Microhardness 
indentations were made in the matrix to check 
whether the quenched matrix structures in all bar 
sizes were of comparable hardness. These tests showed 
that the hardnesses of the quenched matrix structures 
compared closely for the various bars, and thus the 
Rockwell hardness variations reported in Table 3 
must be due to the influence of the graphite. 

The tempering treatment consisted of holding the . 
quenched irons at 1000 F for 45 min followed by air - 


Cc 


Fig. 4 — Matrix structures 
present in blanks quenched 
from 1675 F and tempered 
at 1000 F for 45 min; (A) 
from 1-in. diam bar; (B) 
from 3-in. diam bar; (C) 
from 6-in. diam bar. Nital. 
etch. Mag.—500x. 
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cooling to room temperature. This tempering pro- 
cedure was used primarily because it lowered the 
hardness sufficiently to permit easy machining of the 
irons into test specimens. Such a procedure resulted 
in good reproducibility of structure. Figures 4a, 4b 
and 4c show photomicrographs of the quenched and 
tempered structures of the various irons. There was 


perhaps a slightly finer matrix structure present in, 


the specimens from the l-in. diam bars. Microhard- 


ness tests of the quenched-and-tempered matrix struc-- 
tures showed that the matrices were of similar hard- - 
ness regardless of the original bar size and ladle treat- . 


ment of the iron. 


The Tensile Test—Preliminary investigations showed 
a small variation of flake size when making a survey 
from the edge to the center of the cross-section of 
the 3-in. and 6-in. diam bars. The flakes at the sur- 
face of any casting were somewhat smaller, but the 
variation was slight from place to place in the interior 
of the same bar, The bars were sectioned into blanks 
in such a way as to eliminate this variation of flake 
size as much as possible. The sampling resulted in 
blanks large enough to be readily machined into ten- 
sile bars. These blanks were roughly 74 in. square 
by 5 in. long. After the blanks were cut, they were 
heat treated according to the procedure described 
previously. Then tensile bars were machined from 
the quenched and tempered blanks. 

Four bars were tested from each of the six lots of 
iron. Standard 0.505-in. diam bars similar to speci- 
men A as specified by A.S.T.M. Specification for 
Gray Iron Castings A 48-4874 were used in all cases, 
regardless of casting section size. 

The tests were performed using a Southwark-Tate- 
Emery Universal Testing Machine. A Huggenberger 
Tensometer was used to obtain extension data simul- 
taneously with load data. Extension readings were 
taken for every load increase of 500 lb on the speci- 
men. The extensometer was used until approxi- 
mately 70 per cent of the estimated breaking load 
was reached, after which it was removed and the 
test was continued to fracture. 


The Fatigue Test—Fatigue tests were performed on 
specimens taken from the 1-in. and the 6-in. diam in- 
oculated bars. These two lots had a wide variation 
in average flake size from the one to the other, and 
the results should indicate the differences of fatigue 
properties due to these two extremes of graphite flake 
size. The 6-in. diam casting was sectioned in such 
a Way as to obtain as uniform a flake size as possible in 
each of the specimens. The iron was cut into blanks, 
about 5,-in. square and 314-in. long, suitable for 
machining into fatigue bars. 

After the blanks were cut they were given the 
same heat treatment as other specimens used in this 
work. The blanks were machined into fatigue speci- 
mens after the heat treatment. The form and di- 
mensions of the test specimen have been published.?5 
The specimens were machined and then ground to 
specified dimensions, after which they were polished 
with grit 00 emery paper to produce a high degree 
of finish. The polished surfaces of the specimens 
machined from the 6-in. diam bar occasionally con- 
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tained pits; these appeared to originate from the 
collapse of metal above graphite flakes close to the 
surface. The specimens from the I-in. diam bar did 
not show any such pits. 

The fatigue tests were run using an R. R. Moore 
high-speed fatigue testing machine. This machine 
tests the specimen as a rotating beam loaded at two 
points. If a specimen withstood more than 10,000,000 : 
cycles of stress, the load was considered to be below ; 
the fatigue limit. 


Presentation and Discussion of Data 


Tensile Data—-Data obtained from tensile tests in 
this investigation are giyen in Table 2. An examin- 
ation of these data shows that tensile strengths of 
the l-in. diam castings were considerably greater 
than those of the 3- and 6-in. diam bars. The strength 
values for the 3-in. diam bars do not vary greatly 
from those for the 6-in. diam bars. 

From these results, the effect of inoculation as used 
in this particular instance does not appear to be 
great. The inoculation practice produced a small 
increase in tensile strength for the l-in. diam bars, 
but it resulted in a small decrease in strength for 
the 3-in. diam bars, and caused little change in the 
6-in. diam castings. The inoculation practice elim- 
inated some type D graphite formation in the 1-in. * 
diam bars. Perhaps this accounts for the increase in, 
strength values from uninoculated to inoculated bars.« 

The graphite count data in Table 2 show the 
variation of graphite flake size from casting to cast- 
ing. The inoculated and uninoculated l-in. diam 
bars were similar, except for a somewhat greater 
percentage of type D graphite in the uninoculated 
bars. The graphite count shows a large difference in . 
flake size when comparing the l-in. diam bars with : 
the 3-in. and the 6-in. diam bars. The small bars - 
contained a large number of small flakes and no‘ 
large ones. The 3-in. and the 6-in. diam bars con- * 
tained a considerable number of large flakes as well ‘ 
as a certain amount of small ones. There was some- 
what larger average flake size present in the 6-in.: 


diam bars as compared with the 3-in. diam bars.‘ 


The prevalence of the small flakes was greater in 
the 3-in. diam, uninoculated bars than in the 3-in. ° 


diam, inoculated bars. The same was true in the 6-° 


in. diam bars. Such variations are not readily notice- 


able when merely comparing photomicrographs. The 


inoculation practice used here produced a somewhat 
coarser graphite flake size in each of the two larger 
bar sizes. 

Correlation of the graphite count data with the- 
tensile properties shows that the size of the graphite. 
flakes had a marked effect on the strength properties. ‘ 
The l-in. diam bars, which contained many small’ 
graphite flakes and no large ones, had tensile’ 
strengths about 25 per cent greater than those of the; 
larger sized bars which contained a much coarser’ 
average flake size. When comparison is made among* 
the large-sized bars, it appears that the variations in. 
graphite are not great enough to have a pronounced °. 
effect upon the tensile properties. Apparently the 
appearance of the large graphite flakes in the struc- 
ture is one of the detrimental factors which affect the 
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Fig. 5-—--Tensile stress-strain diagrams for specimens from 
1-in. diam and 6-in. diam inoculated bars. 


strength. It is felt that the scatter of results was great 
enough so that strict comparisons of the strengths of 
the various larger sized bars cannot be made. There 
is slight evidence that the 3-in. diam uninoculated 
bars, which showed a tendency toward smaller graph- 
ite flakes, did give consistently somewhat higher ten- 
sile strength values. 

The nominal stress-strain data from representative 
tests of both 1-in. and 6-in. diam bars are plotted in 
Fig. 5. The specimen from the 1l-in. diam bar con- . 


tained small graphite flakes, and it had a higher . 


tensile strength than the specimen from the 6-in. 


diam bar which contained much larger flakes. In‘ 


addition, the specimen which contained the small : 


flakes had a greater modulus of elasticity as indicated - 
by the steeper stress-strain curve. Neither stress-strain — 


curve exhibits an extensive straight line portion, but 
deviates from a straight line at low values of stress. 

At a constant level of stress of 25,000 psi, the speci- 
men from the l-in. diam casting showed less elonga-. 
tion than the specimens from the two larger sizes of ‘ 


bars. If a certain fraction of the tensile strength is‘ 


used as a basis of comparison, however, there is not 
much variation in the total strain from iron to iron. 

These results are in line with opinions previously 
expressed by Meyersberg.'2 Meyersberg contended 
that tne presence of graphite affects the behavior of 
gray cast iron in tension testing in two ways, (1) by 
a contraction action, and (2) by a notch action. He 
considered the contraction action to arise from two 
effects. The one is a discontinuity effect in which 
the presence of the graphite reduces the area of the 
metallic cross section. The other is a stress-distribu- 
tion effect, wherein the stress paths follow the metal- 
lic matrix and are deflected around the graphite 
flakes. 
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Fig. 6—Stress-cycles diagram for fatigue specimens from 
1-in. diam and 6-in. diam inoculated bars. 


These two effects lead to a stress increase as com- 
pared to the nominal stress calculated from the ap- 
plied load and the cross-sectional area of the bar, 
and hence to a correspondingly greater extension of 
the metallic matrix during the tension test. The 
stress increase is not measurable in the test; the stress 
used in the stress-strain plot is the nominal stress. 
However, the greater extension of the matrix is mea- 
sured in the strain, and this leads to a decrease of 
the modulus of elasticity (nominal stress — strain) as 
compared to steel. Meyersberg postulated that large 
graphite flakes have a greater discontinuity effect and 
a greater stress distribution effect, and hence cause 
a more pronounced lowering of the modulus of elas- 
ticity than do small flakes. 


The notch action is considered by Meyersberg to 
originate from the sharp edges (tips) of the graphite 
flakes. These act as definite local stress-raisers. The 
graphite flakes become more effective stress-raisers as 
their numbers increase, and as the flakes become 
coarser. Examination of the individual graphite 
flakes in the irons used in the present investigation 
gives one the impression that the edges (tips) of the 
coarse graphite flakes may be sharper than the edges 
of the fine flakes. A more severe notch effect has 
been postulated by Meyersberg to cause deviation of 
the stress-strain curve from a straight line at lower 
stress value, and to cause failure to occur at a lower 
stress. These postulations are confirmed in the pres- 
ent investigation as can be seen by comparing the 
stress-strain curves in Fig. 5. The stress-strain curve 
for the specimen from the 6-in. diam bar deviated 
from straight-line relationship at a lower stress level, 
and fracture did occur at a lower stress. 


Fatigue Data—Fatigue tests were run on specimens 
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TABLE 4—FATIGUE DATA FoR R. R. Moore SPECIMENS 
FROM 1-IN. AND 6-IN. DIAMETER INOCULATED BARS 





l-in. Diam Bar 6-in. Diam Bar 





Stress, psi_ Number of Cycles Stress, psi © Number of cycles 
23,910 57,500 21,950 8,000 
20,900 85,000 19,900 18,000 
20,950 137,000 20,150 29,000 
20,200 394,000 17,700 99,000 
19,600 1,288,000 14,920 500,000 
18,890 3,980,000 13,250 952,000 
18,460 10,603,000* 12,820 1,424,000 

12,430 27,553,000* 
11,810 12,274,000* 
11,210 13,940,000* 


* Specimen did not break. 





from the l-in. and the 6-in. diam inoculated bars. 
The data obtained from these tests are given in 
Table 4. These stress-cycles data have been plotted 
in Fig. 6 as an S-N diagram for each material. The 
endurance limit is 18,500 psi for the fine flake-size 
iron, and 12,400 psi for the coarse flake-size iron. 
Thus flake size also has an important effect on the 
behavior under fatigue loading. When related to 
tensile strength, the fatigue tests from the 6-in. diam 
casting gave a ratio of endurance limit to tensile 
strength of 0.31, while for the 1-in. diam casting this 
ratio was raised to 0.35. These are in line with ratios 
reported for heat-treated cast irons by other investi- 
gators. 

The effect of variations in graphite size upon the . 
fatigue properties is probably due to variations in 
the severity of internal notches. The stress concen-, 
trations due to the small flake size of graphite are, 
probably less intense and more evenly distributed 
than for the large flake size of graphite; this is for 
comparative stress levels. Therefore, the stress con-. 
centrations which result from the greater severity of! 
notching in the large flake-size specimens would cause‘ 
failure of the matrix at a lower value of fiber stress! 
than for the specimens containing small graphite 
flakes. 

Flake size is probably a somewhat more important 
factor in fatigue strength than in tensile strength; 
the surface of the specimen is more critical in the 
fatigue test, while the entire cross-sectional area is 
important in the tensile test. It has been shown by 
various investigators that the severity of surface im- 
perfections or notches on fatigue specimens of steel 
has a great effect upon the fatigue properties. The 
irons containing large graphite flakes would compare 
to a more severely notched set of bars. 

The slope of the S-N curve for the specimens from 
the 6-in. diam casting which contained large graphite 
flakes is much steeper than that for the specimens 
from the l-in. diam casting. Such an effect has been 
commented upon by Almen,?6 who reported that 
there is a tendency for the S-N curves of many mater-° 
ials to converge toward the left of the plot and to 
increase in slope as notch effects are increased. Thus ‘ 
the fatigue curves for various stress concentrations as 
caused by notch effects converge toward a point at a 
definite number of cycles. 

This observation can be applied also to the results 
Teported here. The specimens containing the large - 
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flakes would compare to more severely notched fa- 
tigue specimens. Thus, the slope of the S-N plot for 
the specimens from the 6-in. diam casting should be 
greater, as is the case. Fatigue test results show that 
when the endurance limit is exceeded, specimens 
will withstand fewer and fewer numbers of cycles as 
the stress is raised. This fact can be applied to ex- 
plain the effect of notching. 

When a notched specimen is tested, the applied 
fiber stress is raised by the presence of the notch. 
This is equivalent to putting a higher stress on an 
un-notched bar, and said stress would cause failure 
of the un-notched bar at a fewer number of cycles. 
The more severe the notch, the greater would be 
the stress concentration for a given applied stress, 
and the sooner the failure. In these tests such a con- 
dition is brought about by the graphite flakes, the 
large graphite flakes causing more severe stress con- 
centrations, so that the specimen withstands fewer 
cycles of stress before failure. At higher applied 
stresses the influence of the large flake size would be 
less important, because in either case (the large or 
the small flake size) the stress concentrations would 
be considerable and great enough to cause failure at 
a small number of cycles. 


Conclusions 

The increase of graphite flake size has been shown 
to cause a decrease of tensile strength and endur- 
ance limit. The tensile strength was decreased by 
about 25 per cent and the endurance limit was de- 
creased by about 35 per cent when the graphite flake 
size was increased from size 5 to size 3 in the flake- 
size classification published by the American Foundry- 
men’s Society.24 There was also a definite decrease 
in the apparent modulus of elasticity in tension. 
These are effects of the graphite in itself, since the 
matrices were held constant by heat treatment. The 
heat treatment consisted of quenching from 1675 F 
and tempering at 1000 F for 45 min. This heat 
treatment was performed on the blanks from which 
the test specimens were machined. 

Examination of the graphite structures indicated 
that the graphite flake size increased pronouncedly 
as the diameter of the casting was increased from | 
in, to 3 in. Further increase of flake size was only 
very gradual for castings over 3 in. in diameter. It 
is possible that the properties of the as-cast iron 
would further deteriorate in spite of this, because 
there would be a further variation in the matrix 
structure. 

It would still seem advisable to determine the effect 
of graphite flake size with a matrix of pearlite. Jt 
has been noted in steels that there is a distinct dif- 
ference in properties at the same hardness level de- 
pending upon whether the structure is one of lamel- 
lar pearlite, or of tempered martensite. The desired 
matrix might be accomplished by isothermally trans- 
forming small test specimens to a pearlitic transfor- 
mation product. 
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By 
John Taylor* 

Many companies have time study or industrial en- jobbing foundries. Until the past 15 years, the use 
gineering departments which management usually con- of specification sheets or cards was practically an un- 
siders as a function necessary only for the setting of known practice. New jobs would come into a found- 
incentive wages. It is realized that time study and ry and, after a huddle between the superintendent 
motion analysis are the modern tools necessary to per- and the foreman, a decision would be reached as to 
form this function. the best method of doing the job. However, seldom 

Few managements, however, realize the vast area of if ever was any record made of the decision on the 
functions which can be served with this basic infor- details of the job. 
mation, if it is properly utilized. Just as many other When the same castings were again required by the 
tools were originally developed for one job and then customer, the same procedure would be repeated be- 
found to have other uses. Time study data compiled cause no records were available on how the mold was 
for standard data purposes also has many uses. made, whether or not the cope was vented, or even 

The fact that top managements are not aware of SPECIFICATION SHEET 
the various uses of standard data does not justify a antes | pane pate ser 8/18/50 
complacent attitude by the individual in charge of BOX NUMBER /4@ 
the work. The industrial engineer is expected to be LOCATION SMALL BENCH 
alert in promoting improvements whenever possible. LENGTH OF CORE 3 
The full and complete use of standard data sheets is DEPTH OF CORE ——“7g— 
an improvement that involves all key personnel. 

VOLUME 410 
Specification Sheet " 89 

The combination standard data sheet and job speci- = NUMBERTVALUE 
fication sheet, commonly referred to as a “Spec Sheet” A, SAND IN! a as ee ae eee 
(Fig. 1), can and should be used on all productive plus per 100 cu, in, .023 HO | .03 
operations in the foundry. It is on these operations Finktiaicaboyenemancaiel an .- FESS t EER ty" -O7 | 
where the greatest losses occur today through the lack a plus per ares ane ON8 eo 2 i 
of proper information. This recorded information, the = ~“"""*7777""*"**"777""""""= a RE ONE Tg SEEN: ew 
operational elements and the corresponding time, can = stan gor ta 2 a | ae ee 
be established when the foreman gives the necessary D, STRIKE-OFF Constant .040. | alana | OF. | 
instructions to the workers. After the procedure has plus per 10 sq. im. .032 6o0 | .O3 
once been established it will save the foreman’s time ns 2 a 
and tend toward greater accuracy because the written F2--PRAM .--------- aes € oo pnapeagerrp ng wrk i 
record is always better than the foreman’s memory. F,__LOOSE PIECES ———— 

This feature of the “Spec Sheets” is just as important =  —.—| nae. se. se) 2.) ae 
as the standard data values contained thereon. The Gi icrinncnutnteninall ESTE as Plata. NONE | 
data cannot be applied without job detail, and job ae es ee 
detail is necessary before a job can be properly exe- i re aa anneattennnnterennnbannnennabonnescnnd 

bend and place 070 030 4 AE 
cuted. lL NAILS ____ Lay 050 020 -" ai 

Comparing the progress made in supplying suf- = = . =U , 1 =) 
ficient and proper details to plant supervision and J. PLATE AWAY  (.36+ cores per plate) 2 JS8 
operators in the metal trades field to the same fun- Total 1.03 
damental practices in the foundry, a large gap is core een 15 
found to exist, particularly in .jobbing and semi- Std. Mre,/100 Cores 1 LI2 

* Chicago, III. Fig. 1—Specification Sheet. 
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Fig. 2—Observation Sheet. 


the size of the flask that was used. As a result of this job were never recorded for a possible repeat order. 
kind of practice, many foundries have lost thousands In addition to methods analysis, setting standards, 
of valuable hours of supervisory time and produced and job specifications, standard data or “Spec Sheets” 


unnecessary scrap simply because the details of the have two other important uses as a management tool. 
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The first of these additional uses is very important, 
particularly in today’s labor relations programs. These 
sheets will definitely and specifically settle all griev- 
ances as to the job content, especially when an opera- 
tor believes he has been instructed to do something 
that is not a regular part of the job. This feature 
can shorten a lot of discussions about incentive prices 
because the foreman, the union steward, and the 
worker can all see the same information and all agree 
on which elements were recognized, and which ones 
were not recognized as being necessary. 


Use for Cost Estimating 


The other use of this management tool is that it 
can be used for cost estimating purposes. The old 
fashioned practice, and one which still exists today in 
a good many foundries, of estimating prices on mold- 
ing, coremaking, and cleaning by observation, or judg- 
ment, can now be done with accuracy through the 
use of standard data sheets. Given the proper infor- 
mation from the respective supervisors as to the 
molding, coremaking, and cleaning details, an inex- 
perienced estimator can arrive at a final price that 
will be more accurate on individual jobs than the 
old fashioned observation estimate. Another advant- 
age to this type of cost estimating is that it is in 
sufficient detail so that the actual methods employed 
can be checked with the original estimate and correc- 
tions made in the cost estimate if there are any great 
differences. 

To carry the same thought a little further, assume 
an estimator quotes on a job which, according to the 
customer, has a mounted pattern and can be made on 
a rollover machine. In this case, the estimator would 
use the standard data available for the rollover ma- 
chine and compile his estimate accordingly. 

However, assume that when the pattern equip- 
ment arrived, it was found that the pattern was not 
mounted and the job had to be made on the floor. 
With the proper recording of time for the molding it 
would be revealed that there existed a considerable 
discrepancy between the original estimate and the ac- 
tual cost of the job. By having a detailed specifica- 
tion sheet, the cost department is in an excellent posi- 
tion to analyze the cost and find out exactly where 
the difference occurred which caused the discrepancy. 
Under the old method, very few people have the 
kind of a memory that can recall exactly how the 
original estimate was made. 

Therefore, the use of standard data sheets is not 
solely for the purpose of setting prices. As previously 
explained, it is equally valuable for methods analysis 
(including future planning) , labor relations, job spe- 
cifications, and cost estimating. 


"Selling'' Top Management 

The first step in the full use of standard data is 
the education, or “selling,” of top management. To 
sell a thing, we must first convince the buyer that 
he wants it or needs it. This selling step is important 
because, without the support of top management, the 
program may not be fully utilized by other manage- 
ment personnel. 

This paper presents a proven method of selling 
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Fig. 3—Pertinent Data for Operation. 


this tool. If the value of this tool is properly appre- 
ciated, progressive foundry managements will realize 
that such tools will be used most effectively and the 
business will profit most when foremen and other 
key personnel are trained to know the real details of 
time study, motion analysis, and the basic principles 
involved in the development and application of stand- 
ard data, 

Key personnel should include all department heads 
concerned with operating, planning and scheduling, 
costs, estimating, and labor relations. Few operating 
executives are aware of the end result, Standard Data, 
and should be included in this group. 

Time and again it has been demonstrated that 
when foremen realize, through training, what can be 
accomplished by a good motion analysis study or an 
activity study on some particular operation, they look 
for and find other improvements which also can be 
made. 

In addition, foremen who have received proper 
training relative to the application of standard data, 
answer the questions of operators and union stew- 
ards and prevent dissatisfaction. In being able to 
answer such questions, the prestige of the foreman is 
increased as well as the workers’ respect for him. He 
then, of course, is in a better position to “sell” the 
data to them. 

Foremen also will be more methods conscious, not 
only from proper training, but from using the stand- 
ard data sheets for job specifications. The latter data 
must be entered on the sheet in order to compute 
the standard time. 

Educating foremen and key personnel on the many 
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uses of standard data or 
ly nor time consuming. Usually it is not necessary 
to take the participants away from their job for any 
extended period of time in order to give them an 
intensive training on the subject, although this has 
been done in some of the large foundries with ex- 
cellent results. Where such training can be accom- 
plished, the man returns to his job with a broader 
knowledge of management requirements, plus an in- 
spiration to look for details which ordinarily would 
not be noticed. It actually puts him on the “man- 
agement team.” 


Weekly Meetings of Key Personnel 


When it is not ossible to provide a training pro- 
gram over an extended period, which frequently is 
the case, weekly meetings can be used to broaden 
the knowledge of the personnel involved in the many 
applications of standard data sheets. It also will pro- 
vide a needed stimulant in the attitude toward man- 
agement, in general, and the realization that each 
one is a part of it. Top management therefore can 
strengthen its position by increasing the knowledge 
of its key personnel. 

Meetings of approximately one hour's duration 
can be held each week either on a general discussion 
basis or directed by a qualified leader. In meetings 
of this kind, too much time should not be spent on 
fundamental details, but rather on a broad view of 
the subject. It is also a good idea to have the time 
study men attend the sessions. A suggested program, 
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Fig. 4—Master Table of Detailed Time Studies. 
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Fig. 5—Proof Sheet. 


for approximately six or seven meetings might be as 
follows: 

1. Origin of time study; different kinds of incen- 
tive systems. 

2. Hazards of estimated pricing; the necessity for 
time study; methods analysis; how these subjects are 
taught in the colleges. 

3. Necessity of allowances for fatigue, personal 
needs, supplemental, flow time, and incentive; the 
use of leveling factors and why they were developed. 

!. How a time study is made; actually taking one 
or two simple studies in the meeting room. See Figs. 
2 and 3. 

5. Building standard data from the studies; devel- 
oping constant and variable values; developing stand- 
ard data sheet. See Fig. 4 

6. Checking accuracy of the data by a “proof 
sheet” the completed standard data or “spec sheet.” 
See Figs. | and 5. 

7. Using the standard data or spec sheet for: 

Job description 
b. Setting incentive standards 
c. Labor relations 
d. Methods analysis 
e. Cost estimating. 

Management training is essential to the complete 
use of standard data sheets in order to derive the 
most benefit for the company. When the subject is 
approached in this manner, the entire program is 
then recognized at its full value. 
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ABSTRACT 
Activity Charts, such as Man and Machine Charis, are often 
used to analyze an operation and to check a proposed method. 
The value of these charts is related to the picture they give as 


to: What has to be done; When it is to be done; How long 
it takes. These charts are helpful in cycling multiple Man or 


Machine operations, and their most significant factor is the 
time scale. On both sides of this scale, a description of what 
happens during the cycle is written and it is shown that it 
can be done in relation to time. It provides a visual check and 
summary of the time elements. 

The purpose of these charts is to portray, visually, simple 
calculation and the relationship of the factors involved in the 
calculation. Sometimes, in our modern mechanized foundries, 
a problem may occur that is more complex—that adds, let us 
soy, a conveyor speed, This causes the activity of an operator, 
or several operators working as a team, to be controlled by 
moving parts, which must be worked on, while moving. We 
then ask the question: “Is there enough time and room to per- 
form a certain element, where can it be performed, and who 
should do this job?” The moving work station, as mentioned, 
introduces speed, distance, and position of work at a given 
time, so that the net result includes several interdependent 
variables. 

The answer to this problem is a two-dimensional chart, 
with a time and a correlated distance scale. 


A. Introduction 


Time-distance chart theory, as represented in this 
paper, is based on practical time study work, done 
during the past year at the Foundry of Ford of Can- 
ada in Windsor, Ontario. The presentation is di- 
rected towards a section only of Work Standards 
procedures. It deals with planning of work stations, 
methods study and estimate work on moving con- 
veyors. 

The rearrangement ot the “Ford-Canada” Foundry 
as a result of a company-wide expansion program, 
created rather difficult problems for estimate work 
and methods analysis. Proposed plans had to be re- 
viewed and approved; various questions had to be 
answered like the following. 

1. How many hangers or cars are needed at a cer- 
tain molding line pouring area? 

2. How many men should work on a certain line 
for producing molds, and what is the proposed cycle 
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when two helpers assist three machine operators? 

3. How much space is needed at a core setting sta- 
tion when the proposed core conveyor already sup- 
plies two additional lines at a higher rate? 

1. What is. the effect of speed difference on the 
work content? 

5. How can the variable work content be calcu- 

lated? 
The complexity of problems as mentioned asks for a 
tool that will assist our thinking, organize the avail- 
able facts, and present the total in a picture. This 
picture, which consequently has been developed, en- 
ables the analyst to rearrange details towards the 
optimum condition without disturbing the interrela- 
tionship of basic factors. 


B. Description of Time-Distance 
Chart Construction 


The analysis of a specific work station may start on 
a plan layout print. Operators and their activity can 
be posted on the specific areas of the print. How- 
ever, this picture gives no indication how conditions 
change in the course of time. Therefore, the infor- 
mation about location and distances has been con- 
densed and projected onto one line, the zero line of 
the time-distance chart. This zero line is the top 
horizontal line of the chart and is normally parallel 
to the movement of the conveyor at the work sta- 
tion under discussion. The zero line thus represents 
a cross section through the layout at a given start 
time. Adding horizontal lines, which show the posi- 
tions of operators and moving parts at the following 
moments, introduces time into the chart. 

The chart is completed by combining the single 
points by drawing lines and describing the elements 
of the chart on the right or left hand margin. The 
chart is developed therefore, by reducing the layout 
picture to a line showing dimensions, and adding 
horizontal lines, each of which represents conditions 
of the following moment. Marks on each line show 
the operator’s and the job’s changed positions in the 
course of time. Thus, combining all marks with 
lines, a picture is obtained, which contains all neces- 
sary basic figures and their relationship. This pic- 
ture can be used to study different methods. It can 











Fig. 1A (Above)—Showing clamping of molds. Fig. 1B 

(Right)—Chart for clamping molds on molding conveyor. 

Conveyor speed is 0.250 min per mold; hanger space is 
74 in. (from mold to mold). 


be used as a work sheet, and provides a tool with 
which to develop better procedures for estimating 
work. Detailed method of constructing these charts 
will be presented in two steps. (Note: All figures 
on charts and in the description are hypothetical.) 


Step One—Time Scale and Distance Scale 
Are Combined 


One Operator Clamps Molds on Conveyor (Figs. 
1A and 1B). The chart in Fig. 1B shows the sim- 
plified layout of the work station in the upper 
part and the distances projected onto the horizontal 
zero line. The time scale is the vertical line drawn 
through the operator's start place. Hanger No. 100, 
which actually moves to the right, follows a line 
starting at zero and running at 45 degrees toward 
the right hand lower corner. The declination of this 
line is fixed according to the speed of the hanger 
which is 74 in., or one hanger space in 0.25 min. 





Fig. 2A(Above)—Showing pouring area. Fig. 2B( Right) 
—Chart for molding line No. 4 and pouring area. Molds 
poured from furnace No. 7. 
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The line in the chart leads after 0.25 min to a 
spot that has a distance of 74 in. from the zero line. 
Thus drawing all lines which represent the moving 
hangers, the operator’s start point is correlated with 
the moving hangers on which he has to work. On 
the left side of the time scale the operator's activity 
is described. Converting his activity to lines that fol- 
low his movements, the result is the heavy drawn line 
that follows the hanger during the clamping and 
comes back to the work station where it remains till 
the next cycle begins; that is when the line represent- 
ing the next mold (No. 101) crosses the work station. 


Step Two—Additional Fixed Work Stations Considered 
Pour Molds (Figs. 2A and 2B). The chart in Fig. 


2B is drawn to explain the next step in describing 
the construction of time-distance charts. Added to 
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Fig. 3A (Left)—Showing pouring of molds. Fig. 3B 

(Center)—Filling ladle at furnace. Fig. 3C (Right)— 

Chart for molding line No. 4 and pouring area. The oper- 

ation is pouring hubs (2 ingates per mold). Line speed is 

0.255 min/mold. Ladle capacity is 22 molds per ladle. 
There are 4 pourers (Furnace No. 7 ). 


the simple schematic of chart shown in Fig. 1B are 
several work stations. As can be seen, an operator 
works on a moving molding reel. He pours molds 
and transports the metal from an electric furnace to 
the line by means of a ladle riding on a monorail. 
In order to arrive at a straight distance scale, the 
zero line, the monorail between the furnaces has to 
be opened up and straightened. The distances from 
the pouring area to the furnaces can now be brought 
into the chart. Because of this procedure there are 
two vertical lines representing the same spot, that 
spot where the monorail loop has been opened up. 
Following the operator's activity line, that starts 
at the right, at No. 7 furnace, leads through the pour- 
ing to the left No. 7 furnace. The cycle is actually 
finished now, because the two “No. 7” lines are iden- 
tical. The operator moves with the line when pour- 





Fig. 4A (Above)—Showing molding machine. Fig. 4B 

(Right }—Chart for molding line No. 5. Activity of meold- 

ing machine helper, 2 close-up helpers assisting 3 cope 
machine operators. 
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ing the mold, and steps back against the moving line 
to pour the following mold. This method, as the 
chart proves, saves time, work, and necessary pour- 
ing length compared with the method of moving 
constantly in the same direction as line is moving. 


C. Application—Pour Hub Molds on No. 4 
Pouring Reel 


Pour 2.5 molds out of one ladle. (Figs. 3A, B, and 
C). The chart in Fig. 3C shows a simple, but prac- 
tical, application and gives an answer to the follow- 
ing questions. 

1. Should operator start with complete mold or 
half a mold (two pouring sprues)? 

2. When should the second pourer start? 

3. How long should the pouring area be? 

4. How many pourers are needed? 

5. What should be the sequence of filling ladles? 
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Fig. 5A—Core setting operation. 


6. Is workload equally distributed among opera- 
tors? 

7. How much idle time is there and when does it 
occur? 

Using those charts (Fig. 3C), once established for 
a specific pouring area, as work-sheets, it would sim- 
plity follow-up of proposals and estimate work. Line 
speeds, travelling speeds with full or empty ladle are 
represented by the inclination of the lines. 

Distances are fixed for a given layout. 

The remaining work in most cases would be to 
draw in the pouring elements and to complete the 
picture. 

Those charts can be used as standard data. 


D. Application—Cycling Molding Machines (Fig. 4A) 


3 Machine Operation. 

70 Molds Per Machine an Hour. 

2 Men Make Molds on Each Ma- 
chine. 

2 Men Help Close Up for 3 Ma- 
chines. 

1. Sequence of Operating: According to “time-dis- 
tance” chart the work on the molding reel should 
be done in a certain sequence. Working against the 
moving line makes travelling distance a minimum. 

2. Work Cycle: The first “Pin Man” (Helper “A,” 
Fig. 4B) positions his pins on No. | mold and as- 
sists close-up in 0.14 min. He then walks to No. 3 
close-up area, meets the helper, positions a second 
pair of pins, helps closing up, removes pins, and 
clamps No. 3 mold. On his walk towards machine 
No. 2 close-up, the “Pin Man” meets the finished 
mold No. | between No. 3 and No. 2 close-up areas, 
and removes the pins, and clamps this mold. Then 
he walks to machine No. 2 close-up area and _ posi- 
tions pins, closes up, removes pins, and clamps mold. 
He then walks to No. | machine, has about 0.27 min 
idle time and starts his next cycle. 

The second “Pin Man” has the same cycle and 
starts 0.13 min later on No. 2 machine. 

3. This application has been very helpful in ap- 
plying manpower to the proposed line rearrange. 
ment. 

a. It shows the cycling and points out what can 
be done and helps determine a proposed method. 

b. It opens up the possibility of lower labor costs 


Proposed Method: 





ANALYSIS OF WorK CONTENT AT CONVEYOR STATIONS 


Z 1 CORE 























INO. | CORE) 

















+ COPE SUPPLY CONVEYOR 320 IN. PER MIN. 
_-c. RRR eae TABLE 
i 
Regen ee SL SOE, 2. es oe OPERATOR 
NO. 2 NO. 3 NO. 1 e! NO. 2 
MOLD MOLO MOLO MOLD 





























<«—— MOLDING LINE CONVEYOR 262.5 IN. PER MIN 


aniline 





EL. | SET CORE 





NO.! MOLD 





0.2 
0.5 MIN. 











. 0.4 
4 
2 
°0.35- 4q«.é$$fra-—————————-—— a 
ow 
2 0.1 MIN.| EL. 2 PICK UP 
e NEXT CORE 
0.6 SRR Se eee ee ee eh Ge et ee Oe ae Se 
ot annie 0.05 MIN.§ EL. 3 TRANSF.CORE 
0.7F 0.15 MIN.] EL. 4 PREPARE CORE 
FOR SETTING 
OCR a a a 
0.057 MIN. § EL. 5 WAIT FOR MOLD 
0.9F cYCLe 
TIME 0.657 NEXT 
CYCLE 
1.0 
No. | MOLD 
4 1 i A. nM nM 4 
150 125 100 75 50 25 ° 25 





DISTANCE, IN. 


Fig. 5B—Chart for molding line No. 5, core setting area. 
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Fig. 5C—Chart for molding line No. 5, core setting area. 
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by having the clamping work done by the “Pin Man.” 
c. It helps to find the number of pins necessary, 
and a location to dispose of the pins. 


E. Application—Coresetting Area No. 5 Line, Common 
Coresupply for 4,5,6 Line 


1. The Coresetting Area (Figs. 5A and 5B). The 
layout in Fig. 5B shows one station in No. 5 coreset- 
ting area. The cores are supplied at a rate of 96 per 
hour and molds are moving at 70 per hour. The oper- 
ator picks up the prepared core and sets it into mold 
No. 1. During this work he moves with the line as the 
chart indicates and at the end of his first element, at 
0.5 min, the operator steps to the core conveyor to 
pick up the next core, which we assume is at the 
right spot. He then walks back to his worktable to 
prepare the core for the next setting. He waits for 
the next No. | mold which will arrive at his station 
at 0.857 min. 

This operation is controlled by two different 
speeds and the questions are: 

1. How much space is necessary? 

2. Is there sufficient space for 3 coresetters? 

3. What is the effect of the given speed difference 
between molding rate and core supply? 

1. Can each operator get the core at the right 
time? 

5. Is there additional work because of the speed 
difference and how much? 

2. The Necessary Working Area (Fig. 5C). Three 

coresetters are working at station A, B, and C. 
Operator A sets No. | core into No, | mold. 
Operator B sets No. 2 core into No. 2 mold. 
Operator C sets No. 3 core into No. 3 mold. 
The cores are indicated by numbers above the ver- 
tical zero line and move with a speed of 200 in. in 
54 min through the chart (Fig. 5C). Number 4 core 
hanger is empty, for this proposal. The mold num- 
bers are written below the vertical zero line and their 
tracks through the chart have an inclination of 225 
in. in % min, 

By use of the chart in Fig. 5C the following items 
are determined: 

1. Each operator can get the core he needs. 

2. The total coresetting area necessary would be 
approximately 450 sq in., along the molding line. 

3. We can recognize the influence of the differ- 
ence in core and mold supply rates in the variations 
of the lines representing the operator’s activities. 

3. Phase of Coresetting Cycles and Variable Work 
Content (Fig. 6C). Figure 5C shows that the lines, 
representing the cycles are different from cycle to 
cycle. This is caused by the difference in rate of mold 
supply and core supply. 

What is the effect of this condition on the work 
content? Figure 6 relates these variations to the first 
cycle in order to visualize the law involved and ex- 
plain the way to calculate the amount of additional 
work, 

Rate of Mold Supply 70 molds—60 min (6 min per 


mold —_— 48/6) 
Rate of Core Supply 96 cores—60 min (54 min per 
core = 354.) 


Using the common denominator 14, min as the unit 
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of time, the individual cycles of coresetting are 48 
units long and cores are supplied every 35 units. That 
means in each following coresetting cycle the core is 
13 units earlier than in the previous cycle. The phase 
or total number of individual cycles is 35. The phase 
is 30 min long. 

Consequently, the time between two consecutive 
cores is divided into 35 equal parts and lines show 
when and where the cores pass the station, relative 
to the first cycle. Because we deal with constant 
speeds of core supply and mold supply and use the 
common denominator as the unit of time, each ol 
these 35 lines indicates the exact way a core comes 
along during one of these 35 cycles of our phase. 
The first and the 36th line are identical. The chart 
in Fig. 6 shows the cycle number on each line in 
which the individual core is used. But it is not neces- 
sary to know that, as will be seen later. 

Limits for Constant Work Content—The operator 
finishes the core setting at 0.5 min and picks up the 
core which, in the first cycle, arrives exactly at 0.5 
min and at the spot the operator stands, having fol- 
lowed the mold during his 0.5 min job on the mold. 
This core pick-up occupies him during 0.1 min and 
then he walks back to his work station. He arrives 
there at 0.645 min. The same work content is obvious 
when he picks one of the cores indicated by lines 
which he crosses on his way back, including the one 
he will pick in No. 4 cycle. 

It can be seen that, in all these cycles, he is back 
on his work station at .645 min. Only cycles 12, 20, 
and 28 show additional work and he will be at his 
station later than in all previous mentioned cycles. 
Because he should not use any cores arriving earlier 
than at 0.09 min after the start of his cycle, we have 
two designated limits. 


SPEED OF MOLD = 262.5 IN. PER MIN 
SPEED OF CORE = 320 IN. PER MIN 


DISTANCE, IN. 


150 100 s ° 
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TIME, MIN, 
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NEXT CORE 






0.645 MINUTES 


CORE SUPPLY DURING 
CYCLE NO. 1 TO 35 
0.7 CYCLE NO. 125 20,28 
SHOW ADDITIONAL WORK 





Fig. 6—Chart for molding line No. 5, core setting area. 








338 


Namely: 0.09 Min = 5 units 

0.645 Min = 36 units 
Total Additional Work Content—Out of 35 cycles 3 
cycles have additional work content under conditions 
Fig. 6 chart is based on. These cycles add 1 + 2 + 3 
= 6 times more work to the normal content than 
the equivalent of added work resulting from core 
supply being one unit later than 0.645 min from start 
of the cycle. If (N) is the maximum number of units 
the core supply will be out of limits, according to the 
calculation outlined in the previous paragraph, the 
total additional work content will be for all cycles of 





one phase: 
N N ] a 

x : + < Additional work for one unit late. 
OT = TIME CORE SUPPLY IS LATE 
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PROCEDURE TO DETERMINE THE AMOUNT OF ADDITIONAL WORK TIME 

1. DETERMINE THE CYCLES IN WHICH THE CORE SUPPLY MEETS THE WORK STATION 
OUTSIDE OF THE LIMITS FOR CONSTANT WORK CONTENT. 

2. DETERMINE “OT” FOR THESE CYCLES. 

3. CALCULATE THE FIGURE (AS SHOWN ABOVE) WITH WHICH DT” HAS TO BE 
MULTIPLIED IN ORDER TO ARRIVE AT THE ADDITIONAL WORK TIME "TL" 





Fig. 7—Chart for variable work content, amount of time 
lost. 


4. Amount of Additional Work (Fig. 7) 


As calculated for the chart in Fig. 6, the total 
additional work for each period is based on the time 
lost because of core supply being one unit late: 

DT = The time core is late and it introduces a dis- 
tance (D), which the operator has to travel for the 
purpose of picking up one core which otherwise 
would arrive too late at his station. 
To travel this distance he needs the time T/. 
To travel this distance the core needs the time 72. 
Tl + T2 = DT 
TL =— —4 
T2 45 
2 < TI is the time for walking (D) two times and it 
says on the chart (Fig. 7) multiply the unit by 0.16 


ANALYSIS OF WorK CONTENT AT CONVEYOR STATIONS 


to get the time the operator loses for each unit the 
core is late. 


l : 
In our case or < 0.160 = 0.003 min. 
90 


Total additional work for 30-min period = 0.018 min. 
This is really negligible, but as already pointed out, 
in cases the coresetting occupies less time of the cycle 
and there is more work to be done in preparing the 
coresetting (e.g. setting with fixtures or inspection), 
the additional work may amount to some concrete 
value: 

e.g. Coresetting = 0.30 Min 


Limit = 0.345 Min — 14 Units 

Maximum units core can be late — 39—14 — 25 

25 x 26 . 

ae z= 325 

Total additional work per 30 min = 325 x .003 
= 1 Min 


Per Shift = 16 Min 

Note: An additional question may be, whether 
mold and core conveyor should move in the same 
direction or against each other. The chart in Fig. 7 
shows, by turning the core lines and recalculating the 
total units, that the core is out of the limit, 
Moving the conveyors against each other: 

a. Reduces the work content of each cycle by one 
unit. 

b. Increases the total work content approximately 
20 times more than the additional work amounts to 
in case both conveyors move with each other. 


F. Summary 

As shown, this time-distance chart and the logical 
approach to finalizing problems, has proven to be 
helpful in answering questions which cannot be an- 
swered from experience. Besides the mentioned ap- 
plications there are other possibilities worthy of in- 
vestigation. This chart can be used as a basis for 
mathematical calculation, where more accuracy is de- 
sired. It can be used for summarizing and as a work 
sheet in combination with standard data. 

In general, there is a great need for all kinds of 
mathematical and graphical help in time-study work 
in the foundry. Mechanization asks for more thor- 
ough theoretical investigation before a practical ap- 
plication of a proposal or design is started, because 
modern machines and installations are more ex- 
pensive. 

The complexity of problems and especially the in- 
terrelation of time and distance, multiple operators, 
interference delays and idle time, make simple ex- 
planation, as typified by graph presentation, neces- 
sary. In selling proposals this chart can be helpful to 
show, in a simplified way, what is difficult to describe 
with words. 

Finally, it is believed that the procedures and prin- 
ciples embodied in this paper will provide a simple, 
effective tool for time-study engineers and that it will 
be used to organize the thinking and the general ap- 
proach to one of the more difficult aspects of our work 
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DEVELOPMENT OF CUPOLA MELTING EQUIPMENT 


By 


W. R. Jaeschke* 


Cupola melting equipment of an up-to-date foun- 
dry is quite different from what is was at the turn 
of the century. Increasing demands for castings, with 
an inadequate supply of choice raw materials and 
manpower has encouraged the development of equip- 
ment to keep the foundry abreast of the general 
mechanization in the country, to increase production 
per man hour, improve quality, and permit the use 
of available raw materials. 

Iron castings were first made directly from blast 
furnace metal reduced from ores. The early blast 
furnace, Fig. 1, is the forerunner of the cupola. About 
the year 1700, French founders conceived the idea of 
remelting pig iron and scrap in separate smaller 
furnaces, about 24-in. high and 9-in. ID, similar to 
that used by Reaumur in his experiments with white- 
heart malleable iron. Itinerant foundrymen mounted 
such furnaces on wheels and traveled about the coun- 
try, making odd castings from whatever melting stock 
was available. 


First Cupola Patent on Record 


Late in the 18th century, John Wilkinson of Eng- 
land, saw a need for furnaces of smaller size than the 
existing blast furnaces and in the year 1794 obtained 
the first cupola patent on record. This patent was 
for a low stack not over 10 ft high instead of 30 to 
79 ft high as in existing furnaces (Fig. 2). 

As the demand for castings increased, progress was 
made in cupola design and by 1858 Jonathan Ireland 
patented a cupola with two rows of tuyeres and some- 
what higher stack than the Wilkinson cupola. This 
cupola design of nearly 100 years ago, resembles basi- 
cally, the conventional cupola of today (Fig. 3). 

In colonial America and then the United States, 
developments paralleled those in Europe until about 
1850. At this time the Americans contributed their 
first improvement with the hinged drop-bottom doors, 
to overcome the disadvantages of the solid bottom 
cupola with its side rake-out and fettling door. Higher 
stacks of steel plate construction, blast tubes and 


* Consulting Engineer, The Whiting Corp., Harvey, Ill. 
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windboxes, were other improvements soon applied to 
the early cupola (Fig. 4). 

Manufactured cupolas were appearing on the mar- 
ket from companies specializing in such equipment. 
The Collian cupola appeared about 1874 and the J. 
H. Whiting cupola soon afterward (Fig. 5). These 
cupolas were equipped with two rows of tuyeres as 
shown in the earlier English cupola by Ireland. 

Up to this time tuyeres had been largely on the 
order of «mall diameter, high velocity tubes, similar 
to those of the early blast furnaces. J. H. Whiting 
patented and first introduced the flared tuyere, which 
has been practically a standard since that time (Fig. 
6). There was also a patent for vertical adjustment 
of the tuyeres to suit conditions for the use of either 
coal or coke as the fuel. This cupola also incorporated 
in its design, a safety tuyere, to serve as a warning in 
case the metal rose too high in the well. The J. H. 
Whiting cupola was also the first to be equipped with 
a pressure gauge. 

Advancement was rapid because of the great de- 
mand for castings and the introduction of coke for 
melting fuel. Fans and blowers replaced the bellows, 
forehearths were used, blast preheaters were intro- 
duced, water cooling was tried and by the end of the 
19th century, practically every conceivable type of 
tuyere and tuyere system had been tried (see Fig. 7). 
The cupola withstood many radical ideas of changing 
designs and yet has grown steadily more popular as an 
economical continuous melting furnace for cast iron. 
Basically the conventional cupola of today, (Fig. 8), 
is not far removed from the early American designs. 


Balanced Blast Cupola 


One exception to the conventional cupola is the 
British balanced blast type. This cupola is used in 
a number of American foundries, particularly the 
pipe foundries, where it is operating at exceptional 
efficiency and correspondingly high rates of produc- 
tion. This cupola employs three rows of tuyeres, all of 
which are equipped with valves so the distribution 
of the blast may be regulated or balanced for the dif- 
ferent levels of the combustion zone. Further, the 
main or lower set of tuyeres are equipped with pres- 
sure-tight shut off gates so that individual or sets of 
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Water delivered by flume to wheel which actuated bel- 
lows. Metal melted in crucible and flowed out upon 
removal of dam. 


tuyeres may be shut off periodically in regular se- 
quence to allow the slag bridging to be melted away 
from those tuyeres. Figure 9 illustrates this cupola. 
Figure 10 shows a recent installation employing but- 
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Fig. 2 (Left)—Vertical and horizontal sections of Wilkin- 

son cupola patented under British Patent No. 1993. Fig. 

3 (Right)—Sectional view of Ireland’s double tuyere 
cupola. 





Fig. 1—Blast furnace with bellows driven by water wheel. 
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Fig. 4—-Straight-sided and lined cupola with drop bottom. 


terfly valves instead of slide gates and mechanical 
means for operating these butterfly gates automatical- 
ly on a regular time schedule. 

From the illustrations of the early cupolas, it is 
evident that vertical shaft furnaces do present a prob- 
lem of transporting the charging stock up to and into 
the charging opening. The early cupolas were either 
located at a bluff or hillside or equipped with stairs 
and platforms to facilitate charging operations. 
Charging has been a laborious job in cupola opera- 
tion and besides cost, there were undesirable condi- 
tions like the heat at the charging opening and bad 
weather in the stock yard, that made material han- 
dling equipment desireable for this work. 

Platform type elevators, pneumatically, hydraulical- 
ly, or electrically operated, were the first mechanical 
means employed to lift charges or loads of charging 
stock to the charging deck, Charges were sometimes 
made up on cars and weighed on platform scales in 
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Fig. 5—Illustration 


of an early model = 


Whiting cupola. 
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Fig. 6—Diagram of a Whiting cupola. 
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MORIZONTAL AND VERTICAL SLOT TUVERE SHEET BLAST TUVERE. 


Fig. 7—Various types and shapes of tuyeres used in the 


foundry cupola. 





Fig. 9—British balanced-blast type cupola; original design. 


the yard or made up on the charging deck. In either 
case a substantial and expensive charging deck was 
required. From there on it was usual to place the 
material in the cupola by hand and the recommended 
practice was to pile it closely around the periphery 
but loose and open in the center. More frequently 
than not, however, the charge was thrown in the easi- 
est and most convenient way because the chargers 
were exposed to considerable heat at the charging 
openings of those low early stacks. 

Probably the first attempt to improve working con- 
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Fig. 8—View of conventional present-day cupola. 


ditions on the charging deck, was to make up the 
charges in wheelbarrows and dump them into the 
cupola hurriedly to lessen the exposure of the men to 
heat. Late in the 19th century, charging machines 
were introduced for this purpose. Side dumping 
charging cars were used on pneumatically operated 
tilting platforms to slide the charge into the cupola 
(Fig. 11). In order to counteract the undesirable 
features of this chute loading, machines were fre- 
quently installed on diametrically opposite sides and 
charging was alternated from side to side. 
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Fig. 13—Monorail type cupola charger; capacity 3 tons. 
Arranged to serve either of two cupolas by overhead 
switch device. 


Fig. 10—Balanced-blast type cupola with automatically- 
operated butterfly valves on main tuyeres. 


Fig. 14—Cupola charging installation. 





Fig. 12—5-ton crane, 50-ft span in foundry yard service. 
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Fig. 18 (Above)—Operator moving bottom drop bucket 
(Kron scale) with scrap to skip hoist bucket. 


Fig. 19 (Right)—Swivel skip hoist. 


Fig. 22 (Below )—Sketch of externally-fired air preheater. 
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Fig. 24—-Spark arrestor on top of cupola s‘ack. 


For some time overhead cranes had been in use 
in foundries, but generally only in the mold produc- 
tion departments. Shortly after World War I and at 
the time of the automotive industry expansion, mech- 
anization really began to gain popularity in the foun- 
dries and cranes were then installed also in the foun- 
dry stock yards. These cranes were used largely for 
unloading materials and transporting them to conven- 
ient points for manual charge make up. If the charges 
were to be made up on the charging deck, the deck 
was extended to reach out under the crane runway 
and the yard crane transferred the charging stock to 
this balcony (Fig. 12). Charges were still made up by 
hand and thrown into the cupola by hand or by 
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Fig. 23 (Above)—Sketch illustrating application of Kathabar moisture control 


equipment. 





Fig. 25—-Spark collector banishes flame, removes cinders, 
reduces fire hazard, recovers about 95 per cent of solids 
and has important black-out features. 
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Fig. 26—Spark suppressor on top of cupola stack. 


side dump charging machines. With the advent of 
the wishbone, the cone bottom charging bucket came 
into vogue and various types of charging cranes like 
the monorail crane in Fig. 13, were used over the 
charging deck. 

The next improvement was to move all charge 
make-up operations to the ground level and by 1926 
crane charges were lifting complete charges in each 
cone bottom bucket from the foundry floor level. At 
this level the buckets were set on'a scale car that 
traveled along a row of sloping bottom elevated bins, 
from which the material was raked into the bucket 
and weighed as loaded. An up-to-date installation of 
that period is pictured in Fig. 14. 
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Fig. 27—-Wet type spark suppressor and water slagging 
system. 





Fig. 28—Five-section bag type suppressor serving two 

No. 4 cupolas in a large southern California malleable 

iron foundry. Shown at upper right are cupolas with 

conditioning chambers attached to upper stacks. All gases 

and remaining dust, fumes and smoke are then directed to 
the bag-type suppressor for final cleaning. 


Further improvements were obtained when the 
yard crane with magnet was used to load the buckets 
directly through a funnel loader attached to an iron 
trimming platform. The bucket was transferred on 
either scale cars or just transfer cars over track scales. 
Coke and limestone bins came into service for over- 
head storage and delivery to the buckets through clam 
shell type gates (see Fig. 15). The completed charge 
was then moved in under the cupola charger, picked 
up and discharged into the cupola. In the meantime 
the yard crane was busy making up another charge 
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Fig. 29—Sketches of electric dust precipitators. 
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Fig. 30—-Automatic windbox safety vent and blast pipe 
check valve. 


in the second bucket of this two-bucket system. 
Improved operations for a system as described 
above was possible with the addition of weigh hop- 
pers to the iron loading platform, coke and stone bins 
and elimination of the need of scale cars, and track 
scales. Greater accuracy in the charge weights is pos- 
sible by the reduction of tare or dead weight on the 
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Fig. 32—Sketch showing water jacket around cupola. 


scales and the use of a separate smaller weigh hopper 
for the coke and limestone. Greater speed and ease 
of operation are afforded by the hydraulically-oper- 
ated gates on the weigh and storage hoppers. Ver- 
tically dropping the charge into the cone bottom 
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Fig. 33—Special water-cooled cupola with protruding 
water-cooled tuyeres. 


charging buckets results in better distribution in the 
cupola and more efficient cupola operation. 

A line drawing of such a layout is shown in Fig. 
16. In this case, an underslung type charging crane 
is shown, but when conditions indicate a preference, 
overhung, gantry, horseshoe, monorail and even jib 
cranes may be used. This system is fast and flexible. 
It may serve as many as three cupolas operating sim- 
ultaneously. Three men can charge as much as 60 
tons per hour or when only one cupola operates at 
one time, the charging crane may be remotely con- 
trolled and the crew reduced to two men. 

For the small cupola and cupolas of short runs, 
a low cost vertical side dump charger was developed. 
This charger eliminated the need for men working at 
the hot charging openings and eliminated the need 
for an expensive charging deck and elevator. For 
charge make up it may be supplemented by a yard 
crane and magnet, making up charges in balanced 
type charging cars or by a weigh larry traveling on 
trambeam for pick up and weighing of charges from 
elevated sloping bottom stock bins or even from stock 
piles in the yard. This chute type of charger however, 
does not distribute charges in the cupola as ideally as 
the cone bottom bucket type chargers and is not rec- 
ommended for medium and large size cupola for runs 
of any appreciable length. A line drawing of a vertical 
side dump charger is shown in Fig. 17 and a photo 
of a traveling weigh larry serving two such chargers 
in Fig. 18. 

A more recent type of charger is the S-shaped skip, 
Fig. 19. This charger may be stationary for a single 
cupola, or swiveled for two or more cupolas. Swivel- 
ing may be done manually or by power with either 
manual or automatic control. Originally, only hinged 
bottom doors, trigger latched, were used, but the sud- 
den release of the charge and terrific impact from 
this method of charging resulted in lower cupola ef- 
ficiencies and melting rates, unless extremely large 
coke and open charging stock was used. A cone bot- 
tom bucket of controlled release was later developed 
with resulting improvement in cupola operating ef- 
ficiency. 

This type of charger lends itself well to automatic 
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Fig. 34—Special water-cooled cupola. 


control. No bucket transfer car is required and the 
charging crew thereby reduced to two men, As many 
as three cupolas, operating simultaneously, have been 
charged with an automatic swiveling type. 

Besides the material handling advantage of mech- 
anical charging, there have been improvements in 
cupola operation as to uniformity of product be- 
cause of the ease with which the work can be ac- 
complished correctly, and because being done at 
ground level it can be more rapidly supervised. There 
has also been some gain in efficiency in the cupola 
because of the generally higher columns of charge 
and greater recovery of heat from the hot gases in 
these higher stacks and generally better stock distri- 
bution. 

While hot blast equipment has been proposed and 
used in a limited number of installations, for nearly 
as long as the cupola has been in commercial use, it 
has only since the last war, received general considera- 
tion. Recuperative type heaters like those shown in 
Figs. 20 and 21 are used to transfer the sensible heat 
and that developed by burning the combustible gas 
in the waste gases to the incoming blast. These pre- 
heaters are finding increased favor where cupola waste 
gases must be thoroughly cleaned before emission to 
the atmosphere. As long as the waste gases must be 
cooled ahead of the cleaning unit, recuperation is a 
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Fig. 35—-Sectional views of cradle furnace and comparative chart of carbon contents in metal at cupola and furnace 
spouts. 


logical way to accomplish that cooling. Externally- 
fired preheaters like that shown in Fig. 22 are excep- 
tionally efficient and easily controlled by automatic 
means. These preheaters can be used for up to 1000 
F blast temperatures. Preheated air effects fuel sav- 
ings and promotes good operation when only less 
favorable materials are available during stress periods. 

Moisture control equipment like that shown in Fig. 
23 contributes greatly to the uniformity of the prod- 
uct by holding the moisture content of the blast uni- 
form at a low content throughout the seasons of the 
year. The value was first recognized by the piston ring 
foundries and later by some malleable and quality 
gray iron foundries. 


Dust suppression equipment has also been a fac- 
tor in cupola developments. The earliest form was 
probably the simple spark suppressor (Fig. 24) which, 
while it did not collect cinder from the waste gases, 
did deflect the glowing sparks and hot heavier parti- 
cles to a restircted area. Large volume expansion 
chambers appeared early in European congested dis- 
tricts. An early form of a wet suppressor is shown in 
Fig. 25. This suppressor is still popular in England 
where its “black-out” features were appreciated dur- 
ing World War II. Later developments of wet wash- 
ers are shown in Figs. 26 and 27. Many other types 
of dust collectors are used including cyclones, cen- 
trifugal, wet and dry, bay type (Fig. 28) and electric 
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Fig. 36—-Direct-arc electric furnace duplexing metal in an automotive gray iron foundry. 


precipitators (Fig. 29). 

Safety has also been considered in these cupola de- 
velopments. Recently cupola windboxes have been 
equipped with automatic safety vents and the blast 
pipe with an automatic check valve (Fig. 30). This 
equipment is recommended because the oft repeated 
caution to “open tuyere covers whenever the blast is 
shut off during a heat’, was too often ignored with 
possibilities that a gas explosion might result. 

Slagging cupolas into water has been practiced for 
some 25 years or more. The earliest systems were per- 
forated buckets submerged in a water pit. Slag from 
the cupola dropped into the bucket was granulated, 
cooled and more readily disposed of than the bulky 
large pieces formerly air cooled on the ground. To- 
day, slag is usually caught in water chutes in the 
granulated form and carried to pits. The granulated 
slag may be continuously removed from these pits 
by bucket elevators or periodically by crane grab 
bucket. 

Water cooling of cupolas was proposed from the 
earliest days as is evident in Fig. 31, a section of Dr. 
Otto Gmelins’ cupola. However, this idea did not be- 
come general practice except in slag melting cupolas 
for the production of mineral wool, probably because 
of the loss of heat that was intended primarily for the 
purpose of melting iron. However, with the growing 
demands of industry, the cupola runs became longer 
and refractories frequently failed before the sched- 
uled period of the heat was completed. Water coolers 
were then installed to protect the cupola shell and 


the production period, without the necessity of using 
larger cupolas and excessively heavy refractories, or 
more cupolas and shorter runs. 

The water coolers may be inside or outside jackets 
(Fig. 32), or a simple water spray on the outside of 
the shell. 

Recent developments in some cupola operation, 
from straight remelting of calculated charges in an 
acid-lined cupola to processing as well as remelting 
in basic or neutral-lined cupolas with basic slags, has 
brought new attention to water-cooled cupolas. The 
aim in these operations is to minimize lining loss 
and the resulting effect that loss would have on the 
composition of the slag and the metal. To minimize 
the loss of lining due to iron oxide attack of the 
lining, projecting tuyeres have been used and these of 
copper water-cooled construction. Figure 33 is an il- 
lustration of one such cupola employing internal 
pipe coil coolers in the combustion and melting zones 
and copper water-cooled protruding tuyeres. The 
water pipe coils are lightly or only partially lined 
with a basic or neutral refractory and the basic re- 
fractory in the well is faced with neutral carbon 
paste. 

Figure 34 illustrates still another type of water cool- 
ing. In this special cupola, the shell in the combus- 
tion, melting, and lower part of the preheating zones, 
is of heavy plate construction, unlined and sprayed 
outside with water. The well of this cupola is en- 
tirely carbon lined and the water spraying system is 
such that it can be continued to the bottom of the 





DEVELOPMENT OF CupoLA MELTING EQUIPMEN1 








*h 
ae 2 am 
= 






























































a 








O 













HOPPER oe CO aay PR RES SE Es ae ° 













1 
STORAGE 
‘ 1 





























SAND & CLAY | 
































TRANSFER 
LaoLe 
oe REPAIR 
S59 = | 
. FUTURE 
[---.---) | 
} 














} ore E| | 





























at 1 
DUST COLLECTOR—COKE & STONE 
COKE HOPPER 
LIMESTONE HOPPER 
CUPOLA BLOWERS 
ELECTRIC FURNACE 


cuPoLa 

COMBUSTION CHAMBER 

HEAT EXCHANGERS 

COOLER 

ELECTROSTATIC PRECIPITATORS 








FOREHEARTHS 





SERVICE G TAPPERS PLATFORM 


COKE & LIMESTONE HOPPERS 


SECTION —A-A 


Fig. 37—Cupola melting department of automotive foundry embodying developments mentioned in the text. 
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well or drawn off at the tuyere level. This cupola DISCUSSION 


has been operated both with conventional and water- Chairman: JAMES THOMSON, Continental Foundry & Machine 
cooled copper protruding tuyeres. Co., East Chicago, Ind. 
Increasing demands for greater uniformity in cast- ae man and Secretary: H. W. Jounson, Wells Mfg. Co., 
, . , - "ber ; x Skokie, Ill. 
ings will require greater uniformity in metal Cammpess- R. CaRtson:' What are the merits of hot-blast type of cupola 
tion and metal temperatures, There will be increased from the standpoint of diameters? 
use of larger mixers either fuel-fired like the cradle Mr. JAEscHKE: I have no factual data that indicates that 
furnace (Fig. 35) or electrically heated as in direct benefits are not equally as great in large cupolas as smaller 
arc furnaces, Fig. 36. ones. I have always contended, however, that the operator of 
> . : : : a small cupola on long runs needed preheated air more so than 
Figure 37 is a line drawing of the cupola melting the operator of a large cupola, because bridging is more seri- 
department of a recent large automotive foundry in- ous in small cupolas than in large ones. There are cases reported 


where during a period of extremely bad coke conditions or 


stallation. This layout embodies most all of the de- 
unfavorable methods of charging, good operation was possible 


velopments mentioned herein. , opie 
oT 7 only when preheated air was applied. These were cupolas of 
The future is impossible to accurately foresee, but the order of 66-in. and 72-in. ID. As to 84-in. ID cupolas, 
indications are that there will be more mechanization, I have no information. However, to the best of my knowledge, 
automated to a high degree. The tendency may also a — gy benefits as much from preheated 

. ° ast as as -tt. ace. 

be to more closed top cupolas of various design go ge copia Be de oe . 
: 7 Mr. CARLSON: Your charts show copper-coated water-cooled 
tops including bell and double bell tops and more tubes. What is your opinion on operating with conventional type 

recuperative types of preheaters where the waste gases tuyeres? 


Mr. JAESCHKE: Protruding water-cooled copper tuyeres were 
first used to project the oxidizing combustion zone inward, away 
from the lining in the combustion zone. Now that this zone 


must be cleaned. 
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it was, in most cases, impossible for the men to do the best 
job of hand charging. 

Co-CHAIRMAN JOHNSON: Have you made a study to determine 
the best type of charging buckets to use for various size cupolas? 

MR. JAESCHKE: We have found from practical experience that 
cupola efficiency is highest when the full cone bottom bucket is 
used. The bucket should, of course, be loaded uniformly. We 
have found that best loading by mechanical means is obtained 
when the charge materials are dropped vertically and centrally 
into the cone bottom bucket. Some very fine data on results 
with several charging methods are contained a paper by Sam 
Carter and Ralph Carlson entitled “Acid Cupola Slags and 
Some Relationships with Melting Conditions” in AFS TRaAnsAac- 
TIONS, vol. 61, pp. 527-539 (1953). All the cupolas operating 
with greatest efficiency are cone bottom bucket charged. 

Co-CHAIRMAN JOHNSON: At one time, we used a vertical side 
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dump bucket for charging a no. 7 cupola and found this very 
unsatisfactory. We changed to a cone bottom type of bucket 
which gave us greatly improved results. 

W. R. BEAN:* The skip hoist cupola charger used on small 
and medium capacity cupolas was designed and laid on the 
shelf for a long period of study because this method of charging 
violates many of the fundamental principles. After much pres- 
sure because ef the need during the depression period of less 
expensive equipment, I finally approved an installation. In 
spite of the lack of conformity to principle, this equipment 
has done a suprisingly good job. Elimination of the cupola 
charging floor, concentrating all of the labor at ground level, 
has reduced the cost of construction in the small and medium 
capacity foundries. 


8 Retired Consultant, The Whiting Corp., Harvey, IIl. 
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GATING YELLOW BRASS CASTINGS 
FOR GREATER PRODUCTION ECONOMY 


C. L. Mack* 


ABSTRACT 

A flexible, effective approach to regating several hundred thin 
patterns was worked out by combining the author’s experience 
and the recorded experience of other foundrymen. 

The lack of specific information on thin horizontal yellow 
brass castings led to a study of the literature on gating of cast- 
ings. The method developed is simple and direct. The gating 
procedure is suitable for the most practical of foundrymen, 
yet it is based on sound principles. 


@ The purpose of this paper is to demonstrate the 
value of principles of gating developed by others}: 2. 3 
through application of these principles in actual pro- 
duction runs, and to show departure from recom- 
mended practice is often permissible. The work deals 
with the cheapest of copper-base alloys (average com- 
position 65.80% Cu, 0.82% Sn, 2.00% Pb, balance Zn) 
which seems to be losing popularity in the foundry 
today. If the industry can reduce the final cost of 
yellow brass castings, a great variety of work will be 
returned to the sand foundry. If this paper demon- 
strates that there are better ways to produce good cast- 
ings from low cost ingot, it is reasonable to assume 
that smelters as well as foundrymen may support a 
program of research in this sadly neglected field. 

The work described here is a project of Chautauqua 
Hardware Corp., Jamestown, N. Y. This firm pur- 
chased several hundred gated patterns and has re- 
gated many of them so castings can be produced 
more efficiently. 


Supplements for Wider Range 


The foundry uses natural sand with a grain fine- 
ness of 150 to 175. This base sand is supplemented 
with additions of other grades to give the foundry a 
wider range of sand properties. Samples of the sand 
used in the production of thin castings were sent to 
a laboratory for testing. The report indicated that the 
sand had an AFS permeability of 13 and green com- 
pression strength of 6.3 psi when the moisture content 
was 7 per cent. 

Most of the patterns consist of several pieces gated 
to one, two, or three runner bars, according to the 


*Foreman, Chautauqua Hardware Corp., Jamestown, N. Y. 
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size of the patterns, and are poured through a single 
sprue. These patterns are used with a hard plaster 
match or follow board as shown in Fig. 1 and 2. A 








Fig. 1—Old style gated pattern and sand-litharge match. 

Runner and gates are in cope, gates are attached to sides 

of runners. Angle of outside gates on each piece directs 

metal flow toward center of casting. Misruns and pitted 
surface caused high rejection rate. 
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12 x 16-in. flask with a 214-in. cope and drag may 
contain from two to 40 pieces. The largest casting 
in regular production has a conical core 9 in. long 
and weighs 134 lb while the smallest has nearly 200 
pieces to one pound of metal. 

A charge of 200 Ib of yellow brass is brought to a 
slight flare in oil-fired crucible furnaces, deoxidized 
with 0.2 per cent aluminum,‘ and poured at a tem- 
perature dictated by the size and design of the castings. 


Need Quality for Aged Appearance 


The finished product is furniture hardware—period 
and modern. The realistic reproductions of the older 
periods require an extremely smooth, aged appear- 
ance that is difficult to achieve unless the castings are 
of top quality. Final cost and appearance are the 
prime considerations since mechanical properties are 
seldom questioned. Most of these castings are finished 
by barrel tumbling. If excessive tumbling is necessary 
to impart the desired smooth surface, the intricate 
designs and etchings are lost. Some assembled jobs 
require good ductility. Castings that have been 
tumbled too long become brittle and are frequently 
broken in the assembly department. 





Fig. 2—New style gating and plaster match with runner 

in drag, gates in cope. Gates direct metal to outer edges 

of pattern along natural flow line. Guide pins on drag side 
of runner insure accurate pattern draw. 
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Former practice was to use large gating systems 
and to pour hard and fast at high temperatures to 
avoid misruns in the thin castings. This procedure was 
costly and created a serious smoke condition. It also 
caused fins which were difficult to remove from the in- 
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Fig. 3—Gates are 4g x %-in. in cross section at point of 

contact with casting. As gate approaches runner, size 

increases to 4 x ¥ in. Slightly larger center gate permits 
entry of more metal. 








tricate designs common in this line of work. These 
patterns had the runners and gates in the cope (Fig. 
1 and 5) to assure pressure and good feeding for the 
castings.5»® Misruns tended to occur near the sprue 
and the castings at the opposite end of the runner 
were often rough as with sand penetration. Routine 
checkup revealed that the molds did not have soft 
areas that might have caused the penetration defects. 


Questionable Results When Inverted 


Some of the original patterns were inverted to place 
the runner and gates in the drag. The mold cavity 
was then in the cope. Rather good results were ob- 
tained in a few cases but there was a general increase 
in dross and shrinkage defects. An attempt to follow 
the principles of ratio gating described in AFS re- 
search reports was considered unsatisfactory because 
of higher production cost and lack of proper equip- 
ment. Although this system of ratio gating was not 
adopted, it is recommended for the production of 
high quality castings. 

A study of technical literature pertaining to meta’ 
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behavior in the mold suggested that a direct approach 
to the problem would be required. Experiments in- 
dicated that the principles developed for other alloys 
could be modified to fit the needs of specific castings 
and to permit the use of available equipment. 


Development of Gating Technique. Although the 
same methods (with provisions for proper feeding) 
were successfully applied to larger castings, this report 
deals only with very thin castings having a high re- 
jection rate due to misruns or faulty gating and pour- 
ing techniques. The factors below received attention 
in designing the new gating system. 

The size and number of gates on each casting were 
based on the size and design of the casting. When mis- 
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Fig. 4—Experimental castings made to show that rod bent 
toward runner often would misrun because of excessive 
development of mold gas. 


runs occur it is common practice in many foundries to 
remove some of the patterns or to attach additional 
gates to the ones most frequently affected. With 
proper gating systems, the number of gates required to 
run one casting in a mold, is sufficient for any number 
of patterns. Test molds proved that when the gates 
were considerably thicker than the casting, pits were 
found in the vicinity of the gates and grinding costs 
were very high. A 14-in. gate produced the best results 
for castings that were 34.-in. thick. Often the area 
available for gating was limited because of perfora- 
tions. These factors led to the use of gates with a cross- 
section of 14 x 4 in. The size of the gate was increased 
as it approached the runner (Fig. 3) to lend struc- 
tural strength to the final pattern. If the casting was 
of the solid flat type a wider gate was used. 


Erosion from Improper Gating 


The principles of fluid mechanics and inertia have 
been important factors in the development of gating 
systems, and in the control of flow conditions in the 
sprue, runners, and gates. These factors and their 
relation to the flow of metal in the mold cavity in- 
fluenced the location of the gates on the pattern. If 
high velocities and turbulence should be avoided in 
the runners and gates, the same rule must apply to 
that portion of the mold that forms the casting. The 
frequency of erosion and misruns could often be 
traced to improper location of the gates. Castings 
that have multiple curves or Y-shaped sections are 
highly susceptible to the adverse effect of inertia, 
unless the gates are properly placed. 

The value of proper location of the gates on a 
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commercial pattern is demonstrated in Fig. 3. The 
four gates shown in the shaded area produced rougher 
castings and more misruns than the three gates at- 
tached to the other side of the pattern. When two 
pieces of rod stock of identical size were placed in a 
mold as shown in Fig. 4, and poured at the lowest 
possible temperature, the rod that curved toward the 
runner often produced misruns while the other cast- 
ing was complete. If the mold was properly vented 
in the affected area this variable was eliminated. 

The results of these simple tests led to the assump- 
tion that hot metal, passing through the runner, 
created mold gases in the adjacent cavity and since 
this section was the last to receive molten metal, the 
gas pressure resisted the flow of the metal. Judicious 
placing of the gates will avoid such conditions so 
full-run castings may be obtained with moderate 
pouring temperatures. Economy of cut-off operation 
was also considered in placing the gates on the pat- 
tern. 

The cross-sectional dimensions of the runner were 
determined by the distance the metal traveled and the 
amount of the heat loss that could be tolerated. If 
small gates for a small casting require very hot metal, 
a rather large runner may be necessary. Larger cast- 
ings, if augmented with feeder heads or risers, may 
very well use smaller runners and short, heavy gates 
for greater economy. The most popular sizes for run- 
ners was 34 x %& in. for large castings and 54 x 5 in. 
for very thin pieces. With the runner enlarged to re- 
duce velocity of flow, the casting finish was improved. 
A very abrupt enlargement such as the design used 
in the experiments of Johnson, Bishop, and Pellini* 
proved undesirable. 

Good results were obtained with a runner 15 in. 
long; the sprue end was 34 x %& in. and the opposite 
end was 4 x 4 in. This runner had a gradual taper 
over its entire length. Slight variations in these di- 
mensions or in the amount of taper had little effect 
on the castings. No attempt to determine optimum 
size or design for specific castings was undertaken due 
to the great variety of patterns in stock. 


Modification of Inertia Effect 


The effect of inertia to the flow of metal may be 
modified by raising the level of some parts of the 
gating system. When runners and gates were on the 
same level, considerable force was required to change 
the direction of flow, and there was a strain on the 
mold wherever the metal stream was diverted. With 
the runner in the drag and the gates rising directly 
above it, entirely in the cope, there was less danger 
of mold failure and sand wash. Velocity was reduced 
and a smooth continuous flow of metal was easily 
maintained. The radius of the fillets at the junction 
of runner and gates was reduced with no adverse 
results in the castings. 

The alloy under discussion freezes quickly when 
the flow of metal is temporarily halted. If high back 
pressure, caused by low permeability, stops the flow 
for a split second an oxide film will cover the metal. 
This film will resist the flow of metal and misruns 
will occur even though the metal is hot. Fast pouring 
will develop: such undesirable pressures, and while 
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venting the mold or using a more open sand are the 
usual remedies, the goal—production of low cost cast- 
ings with a fine finish—is lost. A slower, continuous 
flow allowed the mold gases to escape through the 
mold walls without venting. 

A reduction in area from the sprue to the runner 
(3:1 and 2:1), and another mild choke due to the 
tapered gates, control the pouring rate and provide 
a system of sprue, runners, and gates that is easily 
flooded with metal at the start of the pour. The pour- 
ing of these small castings is of such short duration 
that the pour-off man must have a great deal of skill, 
unless control is incorporated into the gating system. 

Production of consistently good castings requires 
that each cavity of the mold be filled with metal of 
the same temperature and under the same degree of 
pressure. To accomplish this the runner was placed 
in the drag. The first metal entering the mold suffers 
greater heat loss than the last. This first metal lays in 
the bottom of the runner and the gates are fed from 
the hotter metal at the top of the runner. The color 
of the gates on a runner cast in the drag as com- 
pared with one in the cope shows that the drag runner 
has a more even temperature over its entire length. 
The runner in the drag was very effective in delivering 
uniform pressure on all of the castings. The adverse 
effect of kinetic energy on the castings near the end 
of the runner was reduced by placing the runner in 
the drag. 


Present Gating System. All of the above features 
were incorporated into a gating system having one 
sprue, one to three runners, several gates, and as many 
castings as the dimensions of the flask would ac- 
commodate. It has never been necessary to reduce the 
number of patterns in a mold because of misruns. 
The sprue is round, with diameters ranging from 
34 in. to 114 in., and is 24% in. long. The size of the 
sprue is dependent on the size and number of runners 
since a reduction in area at the sprue base helps in 
maintaining a full sprue during the pour. The short 
sprue, due to the limited height of the cope, is not 
tapered to choke the flow of metal. Since the metal 
falls such a short distance, the sprue functions more 
like a pouring box than a normal sprue. The mold 
is poured with the sprue and elevated 114 in. higher 
than the opposite end of the 16-in. flask. 

The sprue joins the runner at a slight angle to 
reduce turbulence at this junction. The angle of the 
sprue aids pouring and cut-off operations. The runners 
have a tapezoidal cross-section and the dimensions 
described above. The runner is entirely in the drag 
with the gates attached to the top rather than the 
sides as is common practice when the rurner is in 
the cope. The gates are tapered and usually form a 
right angle with the runner. The angle created by 
the junction of the casting and the gate is more 
critical than that of the gate and runner. 

The location of the gate and flow conditions within 
the mold cavity are of utmost importance because 
this is where the greatest flow velocity is encountered. 
The runner is extended beyond the last gate to provide 
a trap for dirt and dross and to reduce the effects of 
kinetic energy. Although sharp corners are avoided, 
the use of large fillets has been discontinued. 
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This method of gating practically eliminates the 
need for extremely high pouring temperatures, curved 
gates, sumps, and fillets. Turbulence and velocity of 
flow is reduced. There is a definite decrease in mis- 
runs and the castings have a better finish. The molding 
time has been reduced and the casting yield per pound 
of metal poured is greater. Better placing of gates as 
well as a reduction in the size and number of gates 
has led to a lower cleaning cost. 

The time saved on pattern equipment often 
amounts to three hours on a 12-piece pattern. All 
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Fig. 5—Old (left) and new gating systems. Castings are 

7% in. long, 34 in. wide, 1/32—1/16 in. thick. Gates are 

lg x 4 in. at contact with casting. As. gate approaches 
runner, size increases to 4 x ¥ in. 


DRAG 


of the patterns used by the foundry—other than pres- 
sure-cast plates—are cast in green sand molds, using 
this method of gating. These pattern castings have 
excellent surface and require no more cleaning time 
than patterns that were formerly cast in plaster. 
Two patterns similar to the one shown in Fig. 5 
were duplicated using the new gating system. These 
patterns were placed in the production foundry and 
all operations were carefully supervised. Five molds 
made from each pattern were poured from the same 
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heat of metal. With all of the molds made by the 
same molder and poured from the same ladle, foundry 
variables were eliminated. This test was made with 
four separate heats; the two pour-off men alternating. 

One worker inspected the resulting castings and 
rejected 2 per cent from the new patterns and 25 
per cent from the old style patterns. The same castings 
were inspected by another worker who was instructed 
to pass all that might be salvaged with considerable 
filing. The results of this inspection was 2 per cent 


TABLE I—EFFECT OF GATING STYLE 
ON CASTING REJECTS 


Gating Pieces Good Total 








Pattern Style Cast Castings Rejects Rejects, % 
A-19C Old 2220 1820 400 oS 
A-190 New 2220 2000 220 10 
A-189 Old 2220 1920 300 13.5 
A-189 New 2220 2020 200 9 

C-7 Old 240 215 25 10.4 
C-7 New 1040 1010 30 3 

Cc-8 Old 270 210 60 22.2 
C-8 New 1050 1040 10 1 
C-191 Old 3150 2556 594 18.8 
C-191 New 1860 1770 90 5 





rejects from the new patterns and 10 per cent from 
the old patterns. The new patterns produced fewer 
rejects and the accepted castings were better in every 
respect. 

Table 1 was prepared from foundry records. It does 
not represent the normal rejection rate of the foundry 
since these patterns were chosen for re-gating because 
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they were among the most difficult jobs in a group 
of more than 3000. These castings pass a very rigid 
inspection because cleaning cost is high, due to the 
intricate designs and the extremely thin sections. 
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NEW ALUMINUM DIE CASTING ALLOYS 


By 


Donald L. Colwell and Edward Trela* 


ABSTRACT 


The war-developed aluminum die casting alloy formerly 
known as AXS 679 Rev. 3 met with universal acceptance 
throughout the die casting industry. Since the war, however, 
certain modifications of this alloy, with particular reference to 
silicon and zinc contents have been made, and new combina- 
tions are proving even more successful. 

Mechanical properties of the new combinations are shown, 
together with the effects of changes in silicon and zinc contents 
on casting properties of the alloys. 


The Development of SC 84A 

An important part of the conservation activities 
of the War Production Board during the war, was the 
promotion of the use of die castings for machined 
parts and other fabricated forms of aluminum. The 
die castings had two advantages: In the first place, 
extensive waste of material in machining operations 
was avoided, and, in the second place, they could be 
based on smelters ingot which could be made from 
scrap and other types of material not suited to the 
wrought products which were so much in demand 
for the aircraft industry. 

As a result of this conservation activity, the pre- 
war aluminum die casting alloy No. 56 (SC54A) was 
favored. The die casting industry soon determined 
that alloy No. 56 with higher percentages of silicon 
gave better results in the foundry, and the Technical 
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Advisory Committee of the War Production Board 
and the Ordnance Department worked out specifi- 
cation AXS 679, which originally called for a 4 per 
cent copper, 5 per cent silicon alloy such as alloy No. 
56. The silicon content was then raised three times 
in three revisions, and the third revision, “Revision 
3” has since become the standard aluminum die cast- 
ing alloy. It is represented in Table 1 by Alloy No. 
39 or SC84A or SAE 306, and has a nominal composi- 
tion of 314 per cent copper and 9 per cent silicon. 
Higher Silicon 

At the time the third revision was approved by 
the Ordnance Department, the 9 per cent silicon rep- 
resented a compromise between Revision 2 at 7 per 
cent silicon and the request of the Technical Advisory 
Committee for 11 per cent silicon. The die casting 
industry favored the higher silicon content for im- 
provement in casting production, whereas the Ord- 
nance Department favored the lower silicon content 
to keep from an aluminum content so low that 
brittleness might develop. Since the war, however, 
and the return to peacetime manufacture, the industry 
has used the 11 per cent silicon with greater and 
greater success, particularly for thin-wall castings 
where high fluidity is required. It has served as an 
alternate material for alloy No. 13 (S1I2A), having 
similar casting properties and a higher yield strength. 
It is also usually lower in price, The suggested com- 
position for this high silicon alloy No. 39-11, is shown 
in Table 1. 


TABLE | —- CHEMICAL REQUIREMENTS FoR ALUMINUM Die-CAsTING ALLOYS 





Composition %, 


Aluminum Remainder 








Total 
Mn, Mg, Ni, Sn, Others, 
Alloy ASTM SAE Cu Fe, max. Si max. max. Zn max max. max. 
13 S12A 305 0.6 max. 1.3 11.0 to 13.0 0.3 0.1 0.5 max. 0.5 0.1 0.2 
56 SC54A 307 3.0 to 4.0 1.3 45 to 5.5 0.5 0.1 1.0 max. 0.5 0.3 0.5 
39 SC84A 306 3.0 to 4.0 1.3 75 to 9.5 0.5 0.1 1.0 max. 0.5 0.3 0.5 
239 —_— — 3.0 to 4.0 1.3 75 to 9.5 0.5 0.1 2.0 to 3.0 0.5 0.3 0.5 
39-11 SCI1I4A 303 3.0 to 4.0 1.3 10.5 to 12.0 0.5 0.1 1.0 max. 0.5 0.3 0.5 
ASTM Composition limits for alloys no. 13, 56 and 39 from ASTM Specification B85-52T® 


SAE Composition limits for alloys no. 13; 56 and 39 from 1953 SAE Handbook“ 


Composition limits for alloys no. Z39 and 39-11 as proposed. 
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All of the alloys mentioned above contain 314 or 
4 per cent copper and, therefore, can be made from 
various types of duralumin scrap. The availability 
of this scrap from alloys No. 24S, No. 17S and other 
duralumin alloys during the war gave this alloy its 
impetus and it was favored by the War Production 
Board. This fact also makes it lower in price than 
copper-free alloys such as No. 13 which must be made 
from higher purity materials. 


Higher Zinc 


More recently, there has been a pronounced trend 
toward the use of aluminum alloys containing zinc. 
Alloy No. 75S is probably the most prominent 
example. Alloy No. 75S contains 5.6 per cent zinc, 
2.5 per cent magnesium, 1.6 per cent copper and a 
little chromium. Of these elements, magnesium is the 
only one that can be successfully removed on a com- 
mercial basis and any alloy making use of this type 
of scrap should contain zinc. It became necessary, 
therefore, to make a study of the effect of zinc on No. 
39 aluminum alloy and this study has developed the 
fact that up to certain limits, zinc seems to be a desir- 
able addition to this type of alloy. 

Because of the fact that most producers of alumi- 
num die castings also produce zinc die castings, the 
presence of zinc in the aluminum alloys has indicated 
contamination of one with the other and zinc has been 
considered harmful. 
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Fig. 1—Effect of zinc and silicon on tensile properties of 
Alloy No. 39. 
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Committee B6 of the American Society for Test- 
ing Materials made a co-operative test of the effects 
of zinc on No. 39 alloy, testing castings from 14 per 
cent zinc up to 2 per cent zinc made by several foun- 
dries and tested in several laboratories. The results 
of this test are given in the report of that Committee 
for 1953(1), and indicate that within this range, 
there is no significant difference in the casting quali- 
ties and mechanical properties between the low-zinc 
content of 14 per cent and the high-zinc content of 
2 per cent. Subsequent work has borne out this con- 
clusion, and alloy Z39 which contains a nominal 
21% per cent zinc has had a considerable commercial 
success. The composition of Z39 is also given in 
Table 1. Perhaps the principal advantage of Z39 is 
its lower cost. Under current market conditions, Z39 
is sold for 14 or 34 cents less than alloy 39 due to the 
fact that scrap with greater availability can be used. 
A second advantage is machinability. The presence of 
9 per cent silicon or 11 per cent silicon is not con- 
ducive to free machining and this is compensated for 
to a great extent by the presence of zinc‘?). 

Tests on the corrosion resistance of copper-silicon 
alloys with and without zinc have indicated that for 
the nominal percentages under discussion, there seems 
to be no éffect, either favorable or unfavorable from 
the zinc addition’?). The old feeling that added zinc 
decreases corrosion resistance has been generally aban- 
doned, and there has been some evidence that the 
presence of 2 or 3 per cent zinc improves the corrosion 
resistance of an aluminum alloy. In the presence of 
copper, however, this is extremely doubtful, as any 
aluminum alloy with copper in it should not be 
affected in its corrosion resistance by the presence 
or absence of a material as similar to aluminum as 
is zinc. The corrosion resistance of alloy No. 39-11 is 
not affected by the increased amount of silicon. 


Mechanical Properties 
A comparison of the mechanical properties of 
alloy No. 39 and the two modifications is given in 
Table 2, and the average analyses of several heats 
tested is shown in Table 3. Attention is called to one 
difference, namely, the greater hardness and yield 
strength of alloy No. 39-11, and to the fact that un- 


TABLE 2—-MECHANICAL PROPERTIES OF ALLOY No. 39 
ALUMINUM ALLOY AND MODIFICATIONS 








Ultimate Yield Strength Elon- Charpy 


Tensile (0.29 Offset) gation Impact 





Strength psi % in Strength Brinell 
Alloy psi 2 in. ft-lb Hardness 
39 43,000 23,000 3.0 2.7 85 
Z39 43,000 23,000 3.0 2.7 85 
39-11 43,000 27,000 2.0 2.2 90 





TABLE 3—AVERAGE ANALYSIS OF HEATS TESTED 





Alloy Composition, % 








Alloy Si Cu Fe Mg Mn Zn 
39 8.86 3.37 0.88 0.04 0.26 0.89 
Z39 8.86 3.50 0.90 0.02 0.27 2.30 
39-11 10.75 4.00 1.26 0.05 0.44 0.96 
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Fig. 2—Effect of zinc and silicon on hardness and Charpy 
impact strength of Alloy No. 39. 


fortunately, the copper, manganese and iron contents 
of alloy No. 39-11 were not exactly comparable to 
the copper, manganese and iron contents of the other 
two compositions. These elements would affect yield 
strength and hardness, and it is believed that the 
differences in these properties shown in Table 2 are 
somewhat greater than they would be if the amounts 
of these elements were more nearly identical. 

The effects of zinc and silicon on the mechanical 
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properties of alloy No. 39 are further illustrated in 
Fig. 1 and 2. The effect of the higher silicon is 
shown by the dotted line, and the effect of zinc up 
to 314 per cent on both silicon compositions is shown 
by the slope of each line. Alloy No. 39, therefore, is 
the left-hand dot on each of the five solid curves. The 
effect of silicon is shown by the left-hand dot on each 
of the five dotted curves, and the effect of zinc is 
shown by subsequent dots. Silicon again is apparently 
a hardener, although its effect is magnified by the 
copper, manganese and iron contents also being 
higher. Zinc apparently has little or no effect on 
mechanical properties. 


Short Time Elevated Temperature Properties 


One of the principal uses of alloy No. 39-11 at 
the present time, is in the large aluminum die castings 
used in automatic transmissions, and it has met with 
considerable success in this work because of its im- 
proved castability. For this use, information on prop- 
erties at elevated temperatures was required, and this 
comparison is shown in Fig. 3. In Fig. 3, the dotted 
line represents alloy No. 39, and the solid line, alloy 
No. 39-11. The indications are that the higher tem- 
perature properties of the higher silicon alloy are 
somewhat superior, 

The effect of zinc on these high temperature 
properties is shown in Fig. 4. The same two curves, 
dotted for alloy No. 39, and solid for alloy No. 39-11, 
give the silicon difference, but the points showing 
the two zinc contents have been added. The white 
circles and triangles indicate a nominal zinc content 
of less than | per cent, whereas the black circles and 
triangles show a nominal zinc content of 214 per 
cent. The properties with both are so close together 
that no preference is shown for either white or black. 
In other words, there appears to be no difference be- 
tween the 1 per cent and the 214 per cent zinc, in- 
sofar as short time elevated temperature properties 
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are concerned. It should be noted that these tests 
were made after 14 hr at the indicated temperature. 


Casting Properties 

It has been reported by some that higher silicon 
and higher zinc contents in alloy No. 39 cause slower 
“setting up” of the metal, with a consequent slowing 
of the cycle; and others have reported no significant 
differences. In an attempt to evaluate this informa- 
tion, some experimental work on the freezing rate of 
the three combinations was undertaken. 

In order to produce a good looking, sound die 
casting, a large number of casting variables are en- 
countered, and certain optimum conditions must be 
present in order to produce a commercially accept- 
able die casting. The major factors affecting the 
soundness of die castings are essentially‘): 

(a) metal temperature; 

(b) injection speed and pressure; 

(c) die temperatures; 

(d) relative section thickness and size of 
casting; 

(e) alloy. 

Of these, (a) is perhaps the most readily con- 
trollable, and even when casting is in full swing, a 
change in metal temperature will effect the quality 
of the casting. When metal is injected into the die 
cavity, it begins to lose heat immediately‘. The 
thickness of solid metal (x) formed will be propor- 
tional to the square root of time (t), or: 


oe * yt 

__ eee 

= 2% 
and a parabolic curve is indicated which begins freez- 
ing at t = 0, and the initial freezing rate is very 


large. This rate of freezing then slows down as the 
rate of heat diffusion into the die decreases. It is at 
its maximum when the temperature differential be- 
tween injected metal and die surface is greatest. 


The first metal which enters the die, forms a 
skin which solidifies immediately because the die 
temperature is usually well below the solidus line of 
the alloy. The skin then tends to shrink away from 
the die, due to solidification shrinkage, and this in 
turn, impedes heat transfer. At this point, the pressure 
at the end of the fill tends to overcome the shrinkage 
of the outer layers and force the metal back into 
close contact with the die cavity. Heat diffusion is 
again increased‘), 

When the temperature of the injected metal is 
just above the liquidus, its solidification in the cast- 
ing proper will coincide with the pressure surge at 
the end of the injection stroke, so that compensa- 
tion for metal shrinkage and solidification occur 
almost simultaneously. If the temperature of the in- 
jected metal is rather high, the bulk of the metal in 
the die is well above the liquidus, so that when the 
pressure stroke takes place, the skin forms a thick 
shell and the gates freeze before the casting proper 
is solid. This results in the formation of shrinkage 
voids which may be internal or may cause surface 
shrinks. As Doehler puts it), “the last portion 
of metal necessary to complete a casting must enter 
the impression before the portion that entered first 
has solidified”. 

The speed at which the metal enters the die 
cavity is another important variable in making a cast- 
ing. Briefly, an increase in injection speed can be 
made to compensate for a lowering of metal tempera- 
ture; an increase in injection speed also means an in- 
crease in pressure; and lastly, at high injection pres- 
sures and speeds, an appreciable part of the kinetic 
energy of the metal stream is converted into heat, so 
that remote parts of the cavity which have cooled 
somewhat are subjected to increased temperature and 
pressure, This serves to relieve local stresses and homo- 
genizes the structure. 

The thermal properties of the alloy have a great 
influence on the injection speed. These include the 
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specific heat, the latent heat of fusion, the conduc- 
tivity, the solidification temperature, and the solidi- 
fication characteristics of the alloy as illustrated in its 
equilibrium diagram. 

While a consideration of the above factors will 
not give absolute values for injection speeds, a trend 
can be determined which will aid when changing 
from one alloy to another. As an example, if a cast- 
ing is to be made from aluminum, magnesium or zinc, 
it helps to consider latent heat of fusion. These values 
for the three base metals are shown in Table 4. 
Doehler uses them to show the ratios of injection 
speeds for equivalent volumes‘), 


TABLE 4—-INFLUENCE OF LATENT HEAT ON INJECTION 
SPEED OF BASE METALS 





Aluminum Magnesium Zinc 








Latent heat of fusion, Btu/lb 169 160 43 
Latent heat of fusion, Btu/cu in. 16.9 9.6 10.6 
Injection Speed (Al = 1) 1 1.8 1.6 





When the heat content data for aluminum die- 
casting alloys are plotted as in Fig. 5, no such rele- 
vant conclusion can be drawn, since the variation‘®) 
from alloy to alloy is so small as to be insignificant. 
These curves, however, do give an indication of the 
castability of the various alloys. Those with the more 
nearly horizontal lines over the freezing range pro- 
duce solid castings with the least difficulty; i.e. alloy 
No. 13 with the horizontal line can be the easiest to 
cast. The greater the slope of these lines between the 
liquidus and solidus, or the greater the temperature 
difference between the liquidus and the solidus, the 
greater the difficulty of producing a solid casting ®). 
The variation between alloys No. 39, 39-11 and Z39 
is nil, 

Supplementary cooling curves run on alloys No. 
39, 39-11 and Z39 indicate the temperature range in 
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which solidification occurs and the relative amounts of 
metal solidifying at various temperatures, and they are 
shown in Fig. 6. Pure metals and eutectic alloys so- 
lidify uniformly more or less in a plane advancing 
from the mold wall; and the curve for alloy No. 39-11 
in Fig. 6 is of this type and is similar to the curves 
for pure aluminum and for alloy No. 13. 

Alloys No. 28, 36, 39 and 56 solidify in a manner 
depicted in Fig. 6 (left). For alloy 39, there is an 
upper arrest point where primary crystals are formed. 
As the temperature drops, the eutectic, which solidifies 
at a lower temperature, freezes and eventually fills 
the interstices, until the whole casting is solid. From 
the alloy No. 39 curve, it can be seen that about 25 
per cent of the latent heat is given off at a higher 
temperature than the rest, and this tends to form a 
thick shell. When the liquid eutectic is forced into 
the shrink areas between the already solidified crystals 
of higher melting point components, the liquid tends 
to solidify before all of the voids are filled. High in- 
jection pressures for these alloys, therefore, help to fill 
these areas and produce sound castings. Alloy Z39 
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Fig. 6—Cooling curves of Alloy No. 39 and its modifica- 
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Fig. 7—Ternary equilibrium diagram of aluminum-cop- 
per-silicon system showing 4% Cu section. 


is similar to alloy No. 39, except that the arrests are 
less prominent and the set up time should, therefore, 
be shorter. 

A section through the aluminum-copper-silicon 
ternary diagram (1°), (11) at the 4 per cent Cu plane 
helps to correlate the cooling curves with the freezing 
characteristics. This section is shown in Fig. 7. About 
85 per cent of alloy No. 39-11 solidifies as aluminum 
solid solution and silicon simultaneously in the upper 
solidification range. At lower temperatures, the re- 
maining 15 per cent solidifies as aluminum solid solu- 
tion, silicon and CuAl,. Alloy No. 39 is somewhat 
similar, except there is primary solidification of alpha 
aluminum before the eutectic temperature is reached, 
and alloy Z39 would react similarly. Alloy No. 39-11 
should behave very much the same as alloy No. 13, 
and the same precautions with the relation of metal 
temperature to liquidus and solidus must be observed. 

Additions of iron to aluminum-copper-silicon 
alloys cause the formation of the compound 
AlCuFeSi, which can replace CuAl, completely at 
1 per cent iron‘!?), Further additions cause the intro- 
duction of alpha and gamma AIFeSi, which tends 
to replace alpha aluminum. The solidification is often 
of the undesirable acicular or skeleton structure, and 
iron additions beyond the specification values, there- 
fore, can be harmful to castability as well as to me- 
chanical properties. 

It should be pointed out in closing that much 
of the above discussion is based on what happens 
when equilibrium is reached. With the extreme 
rapidity of the die casting process equilibrium is 
never reached, therefore these reactions are tenden- 
cies and never reach completion. 


Summary 


Two modifications of aluminum alloy No. 39 
(SC84A) are suggested. The first, an increase in silicon 
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content to 11 per cent, is a development of a request 
originally made by the die casting industry for AXS 
679, Revision 3. It has a higher fluidity, better high 
temperature properties, and is favored for large area 
thin-walled castings. The second, an increase in the 
zinc content to 214 per cent, better utilizes available 
plant process scrap, and therefore is lower in price. 
It has improved machinability and equivalent casta- 
bility. 

Mechanical properties of alloys with each of the 
two modifications are presented. The increased silicon 
gives some increase in yield strength and hardness, 
the increased zinc has no effect on mechanical prop- 


erties. 

A study of the cooling curves of alloy No. 39 and 
the two suggested modifications indicates that the 
casting cycle need not be lengthened for either addi- 
tion. Slightly lower casting temperatures are advised 
for both modifications. Alloy Z39 acts much like alloy 
No. 39, and alloy No. 39-11 acts much like alloy No. 
13 in the casting operation, and it is believed that 
both alloys offer distinct advantages in many cases. 
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DISCUSSION 


Chairman: D. L. LAVELLE, American Smelting & Refining 
Co., South Plainfield, N. J. 

Co-Chairman and Secretary: F. P. StR«TER, The Dow Chemi- 
cal Co., Midland, Mich. 

CHAIRMAN LAVELLE: Does the higher zinc content result in 
any hot cracking trouble or difficulty on ejection? 

Mr. Co_weti: There has been some feeling that the higher 
zinc contents take longer to set up and thereby increase the 
cycle time. In making test bars, we found no difference between 
the low and the high zinc, insofar as hot cracking or ejection 
were concerned. Our recommendation is that if hot cracking 
occurs, a decrease in temperature of 20 or 30 degrees will 
eliminate it. The higher zinc content has a good fluidity at lower 
casting temperatures. 

CHAIRMAN LAVELLE: Do castings with thin shells or large 
rings tend to crack? 

Mr. Cotwett: Thin shells or- large rings would tend to 
crack only if the stresses were beyond the hot strength of 
the metal. One customer has cast hundreds of thousands of 
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very thin castings with a wall thickness of about 0.040 in. 
and weights up to 1 lb, with production superior to that on 
the lower zinc alloys. Here again, lower casting temperatures 
would help. 

R. E. Warp:' Is the alloy less subject to hard spots? 

Mr. COLWELL: Hard spots are caused by two things; either 
undissolved silicon or a silicon-iron-manganese complex which 
segregates out. Proper alloying will prevent undissolved silicon 
and proper charging technique will prevent segregation. The 
practice of charging cold ingots into the casting machine, is 
often responsible for much segregation, whereas hot charging 
with a higher temperature in the melting pot will eliminate 
it. Insofar as the silicon content is concerned, proper alloying 
should give no greater trouble with hard spots than with SC84A. 
As far as the zinc content is concerned, there is no effect. 

R. E. Witcoxon:? It is well known in bonding aluminum 
and steel that the rate of attack of the aluminum on the iron 
is greatly increased with higher zinc contents. Have you ex- 
perienced a greater tendency to solder with this alloy? 

Mr. CoLweELL: In our experience, soldering is caused more by 
the surface of the steel and by the direction of impingement 
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together with temperatures of both steel and aluminum more 
than by the composition of the aluminum alloy. All aluminum 
alloys tend to cause this difficulty and an insulation of the 
steel surface with an oxide coating and gate designed to 
avoid direct impingement, will alleviate these difficulties. In- 
asmuch as both higher silicon and higher zinc lower the pos- 
sible casting temperature, there should be a tendency to de- 
crease the soldering effect. 

MEMBER: Does the higher zinc content influence the aging 
characteristics of the alloy? 

Mr. CoLweLL: Sand-cast alloys with zinc up to 414 per cent 
have been tested up to two years, and no difference in aging 
effect has been observed. Die casting tests have been made up 
to one year, with no difference observed, and aging is in 
progress for further tests. 

CHAIRMAN LAVELLE: Some tests have been conducted with 
alloys containing up to 8 per cent zinc. There was no effect 
of the zinc on the heat treating characteristics. 


1 Asst. Factory Mgr., Bendix Aviation Corp., Teterboro, N. J. 
2 Asst. Chief Engr., Thompson Products, Inc., Cleveland. 
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By 
R. W. Wilson* 
_ ABSTRACT Inasmuch as the conditions will vary a great deal 
Heat treating operations required in production form the from plant to plant the details of determining produc- 
basis for selection of the equipment that is to make up the ‘ ‘ 
pac cael , tion demands will not be discussed further. The 
Application of metallurgical principles are discussed as they processes involved will, however, be discussed in detail 
apply to the design of a modern heat treating department. to show how they form the framework for the design 
The practices and shop layout established were developed of a modern heat treating department. 
for a particular set of conditions. ewes, similar reasoning Annealing of Low Alloy Steel Castings. For the most 
may be followed in designing any heat treating installation. “hy. : 
' j ange part, all gears, pinions and sprockets that require 
@ This paper deals with the application of metal- 
lurgical principles, properly seasoned with the art of 
steel treating, to arrive at a suitably designed modern 
is Page sates omaggane THE EFFECT OF STRESS RELIEVING 
heat treating department. It must be borne in mind ON HARDNESS OF CAST IRON 
that the practices and shop layout established here ” 
were developed for a particular set of conditions; how- ° 01 107 
tie . ; tor 4 90 1¢7 
ever, similar reasoning may be followed in. designing = C 336 32 
. . . in . 
any heat treating installation. Bas Si 224 207 
The heat treating installation described was de- 8 S ou ou 
signed primarily to handle the annealing of low alloy — Ie! 
cast gears, hardening and tempering of carbon and w 
low alloy steel castings, and the stress relieving of 6 2s 
certain gray iron castings. It was also required that the < 
department be equipped to harden and temper alloy 70 
steel shafts and for carburizing special castings, axles 
and bushings. 65 
Thorough Detailing Needed . . , 
1000 1050 100 1150 1200 1250 


The first step in arriving at a plant design is the 
making of detailed descriptions of all the required 
processes. The descriptions must include material 
specifications of work to be treated, physical properties 
desired, special quality requirements, and the general 
shape and size of the work. The need for strict atten- 
tion to details at this stage cannot be over-emphasized 
because it is here that the type of furnaces, quenching 
systems, and even the type of handling equipment is 
actually decided. 

A survey must be made of production quantities to 
be treated by the various processes which entails delv- 
ing into past production records and consultation with 
the engineering and sales departments. This phase of 
the investigation determines the size and number of 
furnaces and auxiliary equipment. 


*Assistant Foundry Superintendent and Chief Metallurgist, 
American Hoist and Derrick Co., St. Paul, Minn. 
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TEMPERATURE °F 


Fig. 1—Effect of stress relieving temperature on hardness 
of cast iron produced by author’s company. 


through hardening are cast from a steel conforming 
in chemical composition to AISI 8740. This triple alloy 
cast steel has notoriously poor machinability unless 
annealed to produce improved machining character- 
1StICs. 

Cycle-Annealing Furnace 


An electrically - heated, atmosphere - controlled pit 
type furnace having a working diameter of 36 in. and 
a depth of 60 in. was selected for cycle annealing.’ 
This process requires that the castings, after having 
been austenitized at 1600 F, be transferred to a cooling 
pit while the load and furnace cools to 1200 F. The 
load is then returned to the furnace for the transforma- 
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Fig. 2—Equipment layout in a modern heat treating department. 


tion. Several batches of annealed work were treated 
according to the cycle anneal requiring a transfer to 
the cooling pit for cooling to the transformation 
temperature, and several batches were merely allowed 
to cool in the furnace after the power was turned off. 
The cycle annealing process produced slightly harder 
product with a fine pearlitic structure. The slow cool 
produced spheroidized structure having a hardness 
30 points lower in Brinell than the cycle anneal. 
The equipment was selected so that the present 
production level would only require a single shift 
operation thereby allowing room for increasing the 
production capacity quickly when required by merely 
putting on a second shift. The present single shift 
operation allows ample time for a full anneal without 
rapidly cooling to the transformation temperature. 


No Time-Saving Advantage 


At the present production level there is no particular 
advantage in using the time saving process. Slow 
cooling in the furnace will be continued until greater 
production capacity is required at which time it will 
be discontinued in favor of rapid cooling to a suitable 
transformation temperature. It should be emphasized, 
however, that there is no metallurgical reason for slow 
cooling from the austenitizing to the transformation 
temperature. 

The furnace and cooling pit are both equipped to 
maintain a controlled atmosphere so the annealed 
castings are ready for the machine shop without further 
cleaning. 

Hardening and Tempering Low Alloy Steel Castings. 
The alloy steel castings that have been annealed prior 
to machining must be hardened and tempered after 
machining. 

It is planned that the furnace used for the annealing 
process will be available two days per week for harden- 
ing and tempering. In addition to this, an atmosphere 
controlled pit furnace having a diameter of 28 in. and 
depth of 48 in. is required to furnish the additional 
furnace capacity. It should be realized that a furnace 
load that is to be quenched must be arranged to allow 
for the desired uniform heat transfer during the 
quenching operation and therefore the furnaces cannot 
always be loaded to capacity. 

The machined castings to be hardened are loaded 
on a spindle or suitably designed fixture and the 
entire load placed in the hot furnace. Since the tem- 
perature is above 1400 F when loaded, the furnace is 
immediately purged with protective atmosphere and 
as soon as the purging is complete as indicated by the 


exhaust flame, the flow of gas is reduced. When the 
load has been soaked at temperature for the required 
time, the loaded fixture is withdrawn and plunged in- 
to the quench. It is essential that the quenching system 
be designed for the size of load and the frequency that 
the batches are to be quenched in order to produce 
uniformly hardened parts with minimum distortion. 


Excess Smoke Formed 


The original plan was to merely allow the quench- 
ing oil to drain from the parts and to spill trapped 
oil from surfaces that will not drain freely before 
placing the loaded fixture back in the furnace for 
tempering. It was found, however, that the adhering 
oil formed an excessive amount of smoke during 
tempering so an alkaline degreasing unit was de- 
signed which removes the oil film from the work prior 
to tempering. 

When the tempering treatment is complete the 
castings are cooled by the fastest practical method as 
it is not necessary to cool slowly from the tempering 
temperature. 

Hardening and Tempering Carbon Steel Castings. 
Castings in this category are rollers and wheels requir- 
ing sufficient hardness to resist rolling wear. In this 
particular case the equipment had to be designed to 
preferentially quench the rolling surface on the wheels 
leaving the hub relatively soft. The rollers, however, 
need only be totally quenched and tempered to a 
uniform specified hardness. 

The two furnaces mentioned previously for anneal- 
ing and hardening alloy steel castings have sufficient 
capacity to be used for the wheels and rollers. Efficient 
utilization of furnace equipment is made possible by 
the character of the company’s production which is 





Fig. 3—Cooling pit and furnaces have open top 16 in. 
above floor for convenience in handling castings. 
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Fig. 4—Basement of heat treating department provides 
pit for furnaces, contains auxiliary equipment and quench- 
medium pumps. 


such that the peak demand for rollers does not occur 
at the same time as the peak demand for heat treated 
gears. 

The parts that must be preferentially quenched are 
similar to double-flanged railroad wheels. Each wheel 
must have an individual fixture to facilitate its removal 
from the furnace. These are designed so that they nest 
together when stacked in the furnace. When the load 
has been soaked at temperature for sufficient time the 
top wheel is removed and placed in a quenching ring 
which sprays water on the rolling surface. The spraying 
continues until only the hub remains at a red heat 
and the procedure is repeated until the entire load has 
been quenched. It is essential that the tempering op- 
eration be performed immediately because of the high 
thermal stresses developed by a preferential quench. 

Rollers that are totally quenched are stacked on 
vertical bar type fixtures. In the case of small rollers, 
two or three fixtures can be loaded in a single furnace 
and quenched in a water system having suitable 
circulation to produce uniform hardness with mini- 
mum distortion. 

Since carbon steel castings are susceptible to temper 
brittleness it is desirable to keep the tempering time 
to a minimum followed by rapid cooling from the 
draw temperature. 

Stress Relief of Gray Iron. The elimination of local- 
ized stress in cast iron is achieved by reducing the 
elastic properties of the casting permitting a minute 





DISTRIBUTOR 


amount of plastic deformation. In this particular case 
it is essential that the strength and hardness of the gray 
iron castings not be materially affected by this heat 
treatment. 

To determine the optimum temperature for stress 
relieving, the affect of various temperatures on the 
structure and hardness of two grades of iron were in- 
vestigated. Some results of this investigation are shown 
in Fig. 1. Metallographic examinations of the stress 
relieved specimens revealed a decomposition of the 
carbide as the temperature increased above 1050 F. 

The stress relieving temperature for gray iron was 
standardized at 1025 F and the 36 x 60-in. furnace 
utilized for the treatment. Since this additional produc- 
tion burden may prove to be excessive a recirculating 
air furnace is included in plans for expansion of 
facilities. 

Case Hardening. A vertical-retort, pit-type furnace 
having a diameter of 24 in. and a 48-in. working 
depth was chosen to provide ample case ‘hardening 
capacity. The work load is placed in a furnace con- 
trolled at 1700 F and the retort is purged with a neu- 
tral gas. As soon as the system is purged the flow is 
reduced and the required flow of natural gas is fed 
into the natural gas system. 

The carbon content of the case may be controlled 
by following the carburizing period with a time in the 
furnace after the natural gas has been turned off which 
allows the carbon on the surface to diffuse toward the 
core. The diffusion period is followed by a cooling 
period when the temperature of the load is lowered 
to 1500 F preparatory to quenching. 


Department Layout 

Furnace Equipment. The three furnaces, cooling pit, 
and water quench tank are all installed along a com- 
mon center line. Steel grating forms the flooring 
around these units as shown in Fig. 3. Reinforced 
concrete slabs cover the remaining areas above the 
basement so that a lift truck can be used to deliver the 
work in tote boxes under the crane used to service the 
furnaces. 

The cooling pit, oil quench tank, and furnaces are 
installed so that the level of the open top is 16 in. 
from the floor, a height which has proven to be 
practical. 

Electric power is delivered via an 800-amp bus bar 
running the length of the basement servicing the 
furnace transformers, and pump motors. All electrical 
connections from bus bar to transformers and from 
transformers to furnaces are reasonably short with 
this arrangement. 

The location of the furnaces relative to the quench- 





Fig. 5—Side view of oil quenching 
system does not show second oil pump. 


aoatiees See Fig. 2 for plan view. 
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WATER QUENCH SYSTEM 


REAR view 








Fig. 6—Water quenching system com- 
bines storage and quench tank. River 
is source of quenching water. 


ing facilities and to each other is shown in the layout 
drawing in Fig. 2 whereas Fig. 3 and 4 are views of 
the department both above and below the floor. 

Atmosphere Generator. An electrically- heated, endo- 
thermic generator having a capacity of 750 cu ft of 
gas per hour was selected to furnish protective atmos- 
phere to the furnaces. Actually this generator is a 
furnace containing a catalyst through which a con- 
trolled mixture of air and natural gas or propane is 
passed. The hydrocarbons in the gas are cracked in the 
presence of the correct amount of oxygen from an 
atmosphere composed of carbon monoxide, hydrogen, 
and nitrogen. 

The prepared atmosphere is piped to individual 
flowmeters mounted on the instrument panels adjacent 
to the furnaces. The piping was installed using tee 
fittings in place of elbows, and crosses where tees would 
normally be used, thereby allowing the lines to be in- 
spected and cleaned of carbon deposits periodically. 

The quality of the prepared atmosphere is controlled 
by controlling its dew point between 20 and 25 F. A 
dew, point reading is taken at 2-hr intervals at the 
generator while it is in operation and at less frequent 
intervals of the gas that is actually in the furnace. 

The endothermic generator gives trouble-free service 
if a good preventive maintenance program is followed 
and if the dew point is properly controlled. 

Oil Quenching System. The details of a quenching 
system must be designed to fit the production demands 
and furnace capacities. When greater furnace capacity 
than is required for current production is available 
the quenching system should be designed for the maxi- 
mum capacity of the furnace equipment. On the other 
hand, when there are plans to install additional furn- 
ace equipment, it is wise to size the quenching system 
to suit the maximum production demands that are 
forecast. An oil quenching installation suitable for 
the present furnace equipment, but with capacity for 
a higher production level than the department is 
presently being operated at, was designed for the in- 
stallation described in this paper. 

A quenching system capable of cooling a 3000-Ib 
load of castings from 1600 F to 150 F every 3 hours 
was selected. An example of the simple computation 
used to determine the oil storage capacity and size 
of the oil cooling unit is as follows:? 

(a) Determine the quantity of heat liberated by 3000 

Ib of steel. 


3000 x 0.166 (Sp Ht of steel) x 1450 (Temp drop) 
= 720,000 BTU per load 


(b) Compute the minimum amount of oil required 


+— 500 GPM 
FROM RIVER 



































in the system, based on an allowable temperature 
rise of 30 F. 
720,000 BTU 
8.33 (Wt/gal) x 0.9 (Sp Gr, oil) x 0.5 (Sp Ht, oil) x 30 
= 6400 gal 





(c) Compute the race of oil circulation required, 
assuming the cooling rate of steel to be 1% in. 
per min. 


6400 gal oil 


s—=5 : : = 2133 gal per min 
3 min cooling time 





(d) Compute rate at which the oil must be circulated 
through the cooler based on an average quench- 
ing rate of 1000 Ib per hr. 


been! on = 35.6 gal per min 
180 min 


(e) The size of the actual quenching tank should be 
determined by the size of the largest furnace that 
is to be used. If a quenching tank is larger than 
is required, turbulance will be sacrificed. 





Fig. 7—Removing basket of cast gears at quenching tem- 
perature from electric pit furnace. 
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Fig. 8—Hot gears agitate quench water as they cool rapid- 
ly through critical temperature. 


The layout of the oil quenching system (Fig. 5) is a 
side view of the system and does not show both oil 
pumps required to pump 2400 gal per min through 
the tank. Notice that the oil is taken from the side of 
the storage tank below the oil level so that a priming 
system is not required for the pumps. 

A complete view of the oil quenching system is 
shown in Fig. 2. The cooling cycle includes a by-pass 
to allow the cooling oil from the shell and tube cooler 
to be circulated through the quench tank. All pumps 
are protected by a strainer located so that the strainer 
baskets can be withdrawn easily. 

Water Quenching System. A combination storage and 
quench tank was selected to provide adequate water 
quenching capacity. As is shown in Fig. 6, 500 gal per 
min is supplied to the quench tank and 500 gal over- 
flowed from the storage section; 1250 gal of water are 
circulated from the storage to the quench section each 
minute and a total of 1750 gal per min is passed up 
through quench and flows over the weir separating 
the two sections. 


Since the water supplied from the river during the 
winter months is close to freezing, the storage section 
of the tank was equipped with electric resistance 
heaters. The water system has a capacity to quench in 
excess of 2000 Ib per batcr at an average of 1000 Ib 
per hr. 

Material Handling Equipment. The overhead han- 
dling equipment must of course be designed for the 
shape of the shop and with the layout of furnaces and 
quenching facilities in mind. In this case the crane is 
power driven on the tram rail whereas the hoist is 
moved manually. Bumper stops are provided on the 
crane to stop the hoist so that the hook lines up at 
the centerline of the furnaces and above the center of 
the quench tanks. 

Two speeds are available on the hoist with the slow 
speed of 20 fpm used for movement in and out of the 
furnaces and the high speed of 51 fpm used for quench- 
ing. The hoist is equipped with a mechanical brake as 
a safety feature to be used in the event of a power 
failure while a hot load is being moved. 

A basket loaded with cast gears is being removed 
from a furnace in Fig. 7. Notice the heat shield that 
protects the hoist motor from the radiation of the 
furnaces. Figure 8 is a view of the load being quenched 
and a fixture loaded with cast bevel gears is visible in 
the background. 


Summary 


The heat treating processes to be operated form 
the basis for selection of the equipment that is to make 
up the installation. The furnaces, quenching systems, 
and material handling equipment must then be en- 
gineered into a well integrated department. 

The heat treating equipment described in this paper 
has made possible production of uniformly machin- 
able castings for machining, and uniformly hard cast- 
ings, free of scale and decarburization, when hardened 
after machining. 
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PRE-MIXING OF RECONDITIONING 
MATERIALS FOR MOLDING SAND 


By 


Burdette Jones* 


ABSTRACT 
The author points out in this paper that pre-mixing of sand 
additives has resulted in saving of materials, better control of 
sand properties, and a cleaner sand conditioning department. 


@ During mechanization of the John Deere Waterloo 
Tractor Works Foundry, the bulk of the work was 
set up for production on eight molding units. Each 
unit makes a different type, size or weight of casting 
ranging from a squeezer unit with a 5-lb average 
weight to a unit with heavy castings weighing up to 
1000 lb. The materials used in reconditioning the 
sand were added at the muller, except for one unit 
having no muller where conditioners were added at 
the shakeout belt. Additions were bentonite, sea coal, 
and, generally, wood flour or a treated cellulose. The 
raw materials were stored in a receiving building in 
50- or 100-lb bags. The bags were broken into the 
open top of additions tanks. The tanks had an open- 
ing in the front at the bottom, in which a shovel 
could be inserted, and were transported to the various 
molding units on platform lift trucks. Each unit would 
have three or more additions tanks on the sand mixer 
deck and possibly a full and an empty on the floor. 


Guided by Hourly Samples 

The muller operator would add, by shovel, what 
he considered to be the necessary amount of bentonite 
to each muller batch. He was guided by the posted 
results of the hourly samples of the unit’s molding 
sand—moisture, permeability, and green compression 
strength. The amount of carbonaceous material added 
per batch was determined by the casting finish and 
also a daily loss on ignition test of the composite 
hourly samples of the previous day. 





*Sand Control Foreman, John Deere Waterloo Tractor Works, 
Waterloo, Iowa. 
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Due to production demands, some units were op- 
erating “under forced draft” where two minutes 
was the total mulling cycle for a heavy-wheel muller. 
This included loading, adding of rebonding materials 
and water, mulling, and unloading. It was necessary, 
in one instance, to add several shovels full of recon- 
ditioning materials per muller batch. The human 
element entered in and, in some cases, batches of 
sand did not have all of the desired ingredients added. 
Generally, when rushed, the seacoal or cellulose were 
left out; shorting of the bentonite would be easily 
observed by a loss in strength, carbonaceous material 
being harder to check. Considerable amounts of the 
dry materials were drawn out of the muller by the 
dust collecting system. Some batches of sand had 
streaks of material or clay balls, indicating unsatis- 
factory preparation. 


Variations in Size 


The material transportation tanks varied in size 
due to the different design of the unusts, head room of 
the hoists, and the desire to get more material in 
the tanks as the later units were built and new tanks 
constructed. A tank of bentonite could vary between 
1300 Ib and 1800 lb depending upon the size of the 
tank. The tanks were not interchangeable on all the 
units nor were they always returned to the same unit. 
This complicated the charging of materials used by 
the various molding units. This could be eliminated 
by using the minimum amount of material in all 
of the tanks, but that required more trips. 

It was generally necessary for each unit to order 
a full tank of some of the materials before it was 
needed as the facing crew was not always sure which 
material would run out first on the sand mixer 
deck. There was neither room on the floor nor 
enough tanks available to keep a spare of each kind 
at the molding unit. Some batches of sand might be 
short one of the materials during the process of ex- 
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changing an empty for a full tank and also a possible 
delay in delivering a full tank to the unit. To correct 
the difficulty, various methods of adding sand addi- 
tives were considered. 

The sands in the various units are cooled by being 
plowed across and down over “sanditioners.”” Five of 
the molding units have sanditioners consisting of five 
or six circular tables, alternating in diameter from 15 
to 20 feet, mounted about three feet apart on a slowly 
revolving vetrical shaft. Shake-out sand is delivered to 
the top table. As the sanditioner revolves, stationary 
plows move the sand to the edge of the table where 
it drops to the next table, or to the center where it 
drops through openings near the shaft. In addition 
to the plows, rotating discs may be used to further mix 
the sand. Water is sprayed on the top and other tables 
as desired. The sand moves across one table, down 
to the next, back across and then down again until 
it reaches the bottom table where the sand is plowed 
off into a hopper that feeds sand to the mullers at 
the unit. 

An increased amount of water is sprayed on these 
tables as the sand becomes hotter. Generally, one to 
three gallons of water added at the muller is sufficient 
to temper a bath (3000 Ib) of sand. Because of the 
large amounts of additives, the small volume of 
water added to the muller, and the varying require- 
ments of each unit it might have entailed an indi- 
vidual system for each muller had a slurry system 
been used. 


Carbonaceous Destruction 


Experiments were conducted in mixing the re- 
bonding materials before adding them to the muller. 
The theory was that as the bond in the sand was 
destroyed, a proportional amount of the carbonaceous 
material would also be destroyed. If the proper ratio 
could be determined between the bond and carbo- 
naceous material and molding conditions on the unit 
remain similar, it would be necessary only to keep 
the green strength constant to have the loss on ignition 
remain constant. 


Seacoal and wood flour or treated cellulose were 
blended, with enough water to keep down the dust. 
Western bentonite was then added to the damp mix- 
ture. It readily distributed itself uniformly, without 
forming balls or becoming sticky because there was no 
large volume of free water available. The water was 
in small films on the surface or absorbed in the car- 
bonaceous additives. There was a higher percentage 
of water, five to ten per cent, in the pre-mix than in 
tempered molding sand. The bentonite thus had a 
better opportunity to become saturated with water, 
split into smaller flakes and give much greater green 
strength to the sand. A special grind of the bentonite 
was not necessary. 


Construction of Pilot Mixer 

A pilot mixer was needed, so a discarded heavy- 
wheel muller was erected on a steel platform high 
enough for the muller to discharge into an additions 
tank. The two muller wheels were removed. Two steel 
plates were mounted opposite each other on the head 
of the center shaft. These plates were cut with a torch 
to make long fingers that reached to the outside shell. 
A short truncated cone, with a large hinged door in 
the flat top of the cone, was placed over the 72-in. 
diameter muller shell. A circle of 14-in. galvanized 
water pipe, having small holes directed toward the 
bottom of the muller was mounted inside at the top 
part of the cone. This pipe was connected through a 
valve and meter to the water line. 

The two plows were left in the muller. A violent, 
whipping action was thought necessary so the speed 
was increased to about 58 rpm by substituting a differ- 
ent speed reducer. With increased speed, it was neces- 
sary to increase lubrication of the center shaft. A 
platform, with expanded-metal top, was built at 
working height to the door opening in the top of the 
mixer. This was large enough to hold two pallets 
(36 sacks) of bagged material and provide some work- 
ing space. Fork lift trucks could place the loaded 
platforms of material on the raised deck. 

An additions tank which held ten sacks of blended 
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material was selected. A table was made up of different 
combinations of materials with the bentonite varying 
from 20 to 50 per cent of the total weight. Because the 
wood flour and cellulose were in 50-lb sacks and the 
seacoal and bentonite in 100-Ilb sacks, there were a 
large number of possible combinations. A full tank 
was desired, so only those combinations containing 
nine or ten sacks were given preference. In all of the 
following ratios, weights, or percentages, the synthetic 
cellulose will be given first, the seacoal second, and 
the bentonite third. 


Raw Material Weight Determined 


Unit No. 7 was selected as the guinea pig for the 
experiment with pre-mix additions. This unit molds 
tractor transmission cases that vary in weight from 
300 to 900 lb and uses the most material. Records of 
the previous four weeks operation of this unit were 
checked and used as a base period. A ratio between 
the requirements of cellulose, seacoal and bentonite 
was obtained and found to be approximately 23.3, 
41.3 and 35.4 respectively, by weight. The total weight 
of iron poured in this period was used to determine 
the number of pounds of raw materials used per 100 
lb of casting. 

Difficulties were encountered during the first week 
of operation with pre-mix. Several times, it was neces- 
sary to use tanks of raw materials that were not 
blended. It was thought that less seacoal would be re- 
moved by the dust collector, so the starting blend 
was 1.5-2-3. The second day it was changed to 2-3-3 
and the fourth day to 2-3-2. The average ratio by 
weight, including material added that was not 
blended, was 2.3-3-3. Bringing the total amounts to a 
common denominator with the iron poured for the base 
period, with approximately the same sand properties, 
a saving of about 19 per cent in the cellulose, 40 per 
cent seacoal and 30 per cent bentonite was realized. 


Second Week's Operations 


The second week had only two changes in ratio, 
2-3-2.5 and 1.5-3-3. These resulted in a corrected 
saving over the base period of 15, 20, and 20.8 per 
cent. The 1.5-3-3 ratio was held for the third and 
fourth week resulting in a saving of 34, 34, and 23 
per cent. The mix then was changed to a ratio by 
weight of 2-3-3 and was not changed for the next 40 
weeks. The resulting saving in material used to keep 
similar sand properties was about 19 per cent synthetic 
cellulose, 32 per cent seacoal, and 21 per cent western 
bentonite. 

The use of pre-mixed materials indicated such 
savings that Unit No. 1 was put on it the second week. 
Generally, this unit produces heavy-sectioned castings 
in the 100- to 260-lb. range. This unit has no muller 
and the blended material was added to the shake- 
out belt by means of a hopper in the floor and a 
variable-feed, vibrating feeder. Because the blend was 
not shoveled and must have a gravity feed through 
the hopper, the amount of water was kept to a 
minimum. This unit used a much smaller amount of 
synthetic cellulose and the starting mix had a ratio 
of 14.54. Small variations were made in the ratio 
due to production changes in castings, but the unit 
uses the same ratio, 1-4.5-4, today that it started on 
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two years ago. Other units were put on pre-mix 
binders and none uses the same blend. 

Changes were made in the mixer. The high platform 
on which the sacks of material were temporarily 
stored before they were put into the mixer was re 
moved. Two grain elevators that discharged into 
the top of the mixer were installed on the floor. This 
gave much more room for storing material and 
eliminated the hazard of working on a small, high 
platform. The large loading hoppers of the grain — 
elevators were replaced by small waist-high ones that 
were only slightly larger than the area of a sack of 
material. An expanded metal screen was fastened 
inside the top of the rebuilt hoppers. A sack of seacoal, 
for example, is placed on top of the metal screen, 
split open with a hook, then rolled and pulled from 
under the coal. In this manner, very little dust is 
raised. The mixer is generally left running. 


Seacoal Controls Dust 


Usual operating procedure is to store platforms of 
the different carbonaceous materials around two sides 
of one elevator hopper and bentonite at the second 
elevator. A sack or two of seacoal is broken into the 
hopper before the elevator is started as this helps to 
keep down dust. Water is added as the coal is going 
into the mixer. After the proper amount of seacoal, 
cellulose, and water have been added, the first elevator 
is stopped and the materials allowed to blend for 
about a minute. The proper amount of bentonite is 
then added through the second elevator. Another 
minute’s mixing is sufficient to thoroughly blend all 
of the materials. An air cylinder operates the discharge 
door, dumping the pre-mix into the additions tank. 

A little experimenting is necessary to determine the 
correct amount of water for each mix. The finished 
blend should be free of dust, light, crumbly, but 
upon squeezing in the hand have a good green strength. 
If too much water is added, the pre-mix will not 
blend as easily with the molding sand and will have 
a tendency to bridge in the additions tank when it 
is being emptied. A rough guide is to add slightly 
more than enough water to the carbonaceous material 
than is necessary to keep down the dust—about five 
to ten per cent. 


One Man Prepares Pre-Mix 


The additions tanks were assigned to the units in 
proportion to the amount of pre-mix generally used, 
and the unit number was painted on four sides. Gen- 
erally a full and a partly full tank are kept on the 
sand mixer deck and a full or empty on the floor. 
The facing crew knows about how long a tank will 
generally last and can automatically replace empties 
with full ones. The balance of the tanks are kept in 
the pre-mix mixer area. One man a shift is sufficient 
to prepare all of the pre-mix. He is not tied down 
too closely as there are spare tanks available and 
if he falls behind, he can catch up later without de- 
laying the molding units. 

Results indicate that savings in material alone 
much more than pay for the additional cost of pre- 
mixing, not considering the other advantages. The 
pre-mix blends readily in the molding sand and no 
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Sample page from sand properties record book used at are used to provide ample space for notations. Notes ex- ha 
John Deere Tractor Works, showing data for one-week, plain use of form and also indicates information not readily of 
two-shift operation of one unit. Legal-size, loose-leaf pages identified by a number or by any of sand test data. tic 
clay balls are formed. If the muller operator at the Such trends are easily noted. Corrections are made by P e 
molding unit adds enough pre-mix to keep up the varying the composition of the pre-mix. For example, 
strength, there is sufficient carbonaceous material if strength is about constant and loss on ignition is de- by 
going in too so that he can’t possibly short it. The creasing, and other things are equal, the mix can be id 
muller operator has only one tank instead of two corrected by increasing the amount of carbonaceous ro 
or three from which to get additions and it isn’t material per batch or by decreasing the amount of =” 
necessary to request a specific material periodically. bentonite, thereby requiring more batches to keep as 
There is much less dust, therefore the muller the strength uniform. If a change in, mix is desired, ‘9 
area is cleaner. Less material is lost to the dust it can be made immediately. The sand tests are also 
collectors. More effective use is made of the bentonite averaged for the week and recorded in red pencil. “a 
additions. An increase of at least five points in per- This helps to emphasize trends. mi 
meability was noted when a unit started using pre- Any decided change in the size or weight of castings , 
mix. A record by shifts of the number of batches of made on any unit has a tendency to change the ratio : 
mix made is a much more accurate and easier way of of the materials destroyed and corrections have to be pe 
determining amounts of materials used by each unit. made. ° 
A gallon sample of pre-mix was placed in a zero aft 
Control Procedure room over night. It was still loose and in condition to f 
, ‘ , =, i te ab 
Better control of the molding units sands is made shovel. Possibility of spontaneous combustion in tanks for 
possible by the following procedure. An operating of this material stored for long periods of time has Gr. 
range for each unit is determined for per cent mois- been considered. No information on this is available en 
ture, green compression strength, and loss on ignition. since it is the practice to have all additions _tanks wa 
A loose-leaf notebook has been made up with a sep- empty during the inventory period. The pre-mix has on 
arate section for each unit. The average of the hourly been kept in storage areas for a week or more with- pact 
tests, by unit and shift, is made for moisture, the out any indication of a rise in temperature or sign of 1 
permeability and green compression strength. This is combustion. ing 
entered in columns below the previous shift’s re- stn 
sults along with the per cent loss on ignition of a Acknowledgments 
composite sample of the day’s run, the batches and The author wishes to acknowledge the suggestions Tes: 
composition of pre-mix made, and number of tanks of of W. R. Jennings, foundry superintendent, the work 
make-up and special facing delivered to the unit. of the Foundry Engineering Department, and the . 
Sand properties seldom make any radical changes cooperation of all of the molding unit foremen. Their Res 
between shifts; generally it is only a gradual change good teamwork was essential to the success of this 
$4.3 


such as an increase in green strength or loss of ignition. 


operation. 














PRODUCING TITANIUM ALLOY CASTINGS 


By 


Marvin Glassenberg* and M. J. Berger** 


ABSTRACT 
A furnace for melting and casting titanium has been de- 
veloped and a number of industrially-important castings have 
been produced in zircon shell molds, dry silica sand molds, 
and graphite molds. 


@ Within the past several years, a number of furnaces 
have been developed to melt and cast small amounts 
of titanium free from contamination. Small concentra- 
tions of oxygen, hydrogen, and nitrogen have a 
pronounced deleterious effect upon the physical prop- 
erties of titanium. These elements, which normally 
come from the atmosphere, can readily be eliminated 
by employing an inert atmosphere or vacuum inside 
the melting chamber and mold. Contamination orig- 
inating from the crucible presents a much more diffi- 
cult problem, since no refractory material is known at 
present which will not react with molten titanium. 
A solution to this problem has been the use of a water- 
cooled metallic or refractory crucible protected by a 
layer of solid titanium between the crucible and 
molten charge (skull crucible). However, this method 
generally results in high power input, and possibilities 
of nonuniformity in alloy additions, due to the rapid 
extraction of heat by the cooled crucible. 

The furnace discussed in this paper was patterned 
after the furnace described by Sutton et al. 1?» and 
fabricated with the idea of having a practical furnace 
for studying and casting characteristics of titanium. 
Graphite was selected for the crucible material be- 
cause of the relatively slow rate at which it dissolves 
in molten titanium. Up to about 15 pounds of titanium 
can be melted at one time in this furnace, and the 
carbon pick-up averages 0.7 per cent. 

Various mold materials have been evaluated, includ- 
ing shell molds constructed from zircon, silica, and 
zirconia. A dry sand mix coated with colloidal graphite 
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has been found to give good surface finishes. Castings 
produced in zircon shell molds coated with a heavy 
layer of colloidal graphite also give excellent surface 
finishes. 

A source of difficulty in producing sound castings 
is the entrapment of the mold atmosphere (composed 
mostly of argon) by the incoming metal. This causes 
formation of gas pockets within the casting during 
solidification. Gases evolving from the binder in the 
sand are another source of trouble. The amount of gas 
trapped in the casting can be reduced by various 
gating, venting, and metal purging techniques. 


Furnace: A cross-sectional view of the induction 
furnace is shown in Fig. 1, and the parts are itemized 
in Table 1. The furnace shown in Fig. 1 evolved 
through earlier models to facilitate handling and 
maintenance. Several slight modifications made on the 
furnace since the drawing was made are mentioned 
below. 

A metal structure supports the furnace and permits 
operations to be conducted from one side. The power 
cables and water piping are brought in from the rear 
of the structure. The furnace was designed with a 
bottom tap hole to allow direct pouring into the mold 
below. The annular space between the retaining shell 
B and furnace case C is filled with lampblack R. This 
permits removal of the crucible from the furnace 
without disturbing the lampblack and furnace case. 

The furnace is assembled for a heat in the following 
manner: (I) The crucible A is lowered into the 
furnace and the charge of titanium and alloy addi- 
tions is introduced. (2) The crucible cover D is set in 
place and the furnace cover E is placed over the tie 
rods. (In earlier heats, as shown in Fig. 1, a refractory 
brick was placed between the crucible cover and 
furnace cover. However, the refractory brick was elim- 
inated by increasing the height of the crucible cover 
so that the bottom of the furnace cover was flush with 
the top of the crucible cover. (3) The furnace cover 
is fastened down with the four springs Z and bolts. 
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2} 
Fig. 1—Cross section of induction furnace. For legend, 
see Table 1 in right column. 


(4) The argon inlet tube is connected to the union 
elbow J and the poke rod swivel joint J is set in place. 
(5) The poke rod Y is passed through the swivel joint 
and supported outside the furnace until used for 
probing and tapping the charge. The assembly re- 
quires less than ten minutes to complete. 

The induction coil is supported by steel cables and 
is guided by four brass tie rods to permit the coil 
to be raised and lowered. This is shown in Fig. 2. 
The coil is counterweighted so that it can be moved 
up and down with ease through a vertical distance of 
approximately 11 in. The furnace is normally oper- 
ated at 3000 cycles using 65 kw. 


Plugging the Crucible Tap Hole. Before assembling 
the furnace, the tap hole in the crucible is plugged 
with a granular graphite bot as shown in Fig. 3. The 
bot material consists of a mixture of 13.4 lb granu- 
lated graphite, 1.5 lb pitch, about 1400 ml water, and 
enough carbonaceous cement to form a spongy mix- 
ture. The bot material is rammed tightly into the tap 
hole, approximately 1% in. thick, and dried with a 
torch. When the charge is molten and superheated, 
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TABLE 1—ITEMIZED LIST OF PARTS 
FOR TITANIUM FURNACE 








Part Quan- 
No Name tity Material 
A-1 Crucible, bottom 1 Graphite 
A-2 Crucible, top 1 Graphite 
B-1 Retaining shell, bottom 1 Graphite 
B-2 Retaining shell, top 1 Graphite 
Ss Furnace case 1 Transite 
D Crucible cover 1. Graphite 
E Furnace Cover 1. Transite 
F Poke rod sleeve 1 Graphite 
SG Argon inlet tube 1 Graphite 
H Coupling 1 Steel 
I 90° elbow 1 Malleable iron 
J-1 Swivel, body 1 Stainless steel 
J-2 Swivel, gasket 1 Stainless steel 
J-3 Swivel, cap 1 Malleable iron 
J-4 Swivel, ball 1 Malleable iron 
J-5 Swivel, poke rod adapter 1 Stainless steel 
K Target tube sleeve 1 Graphite 
L Target tube extension sleeve 1 Stainless steel 
M-1 Target tube, top 1. Graphite 
M-2 Target tube, bottom 1. Graphite 
M-3 Target tube, plug 1 Graphite 
N Thermocouple 1 Tungsten-graphite 
re) Thermocouple insulator 7 Recrystallized 
alumina 
P Refractory brick 1 Kaocast 
R Insulation 1 Lampblack 
S Pouring sleeve 1 Graphite 
T Retaining sleeve 1 Graphite 
U Crucible support 3 Graphite 
Vv Tie rods 4 Brass 
Ww Base 1. Graphite 
X-1 Induction coil 1 Copper 
X-2 Induction coil, top plate 1 Transite 
X-3 _ Induction coil, bottom plate 1 Transite 
X-4 Induction coil, support 
and spacer 3. Transite 
¥ Poke rod 1 Graphite 
Z Comp: assion spring 4 Steel 





the bot is driven out of the tap hole with the graphite 
poke rod and the metal discharges into the mold. A 
graphite strainer in a sand pouring cup catches the 
bot while allowing the metal to fill the mold. 


Temperature Observations and Control of Super- 
heat. The furnace shown in Fig. 1 contains a graphite 
tube, the lower end of which is closed and extends a 
short distance into the metal bath. Earlier attempts 
were made to sight on the bottom of the tube with an 
optical pyrometer. This method of observing tempera- 
tures was used for a number of heats, but the results 
were not uniform. The inconsistency was primarily 
due to magnesium chloride fumes evolving from the 
sponge titanium at elevated temperatures, and diffus- 
ing into the graphite target tube. 

A later attempt was made to use a thermocouple 
consisting of tungsten wire and graphite. The tungsten 
wire, protected by recrystallized alumina tubing, was 
inserted into a graphite tube (Fig. 1) to form one of 
the electrodes. The graphite tube formed the other 
electrode, and the junction was the point of contact 
at the bottom of the tube. The thermocouple measured 
temperatures reliably up to the melting point of the 
charge. However, after the charge was molten, the 
emf generated by the thermocouple remained essen- 
tially constant, even though further heat was being 
supplied inductively to the charge. Therefore, super 
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heat in terms of actual temperature could not be 
determined and the use of the carbor-tungsten thermo- 
couple was abandoned. 

The following procedure has been adopted in an 
attempt to control the amount of superheat given to 
the charge. The charge is first observed to be molten 
by probing with the graphite poke rod, and the time 
is recorded. Heating is continued to obtain a prede- 
termined amount of superheat, and the metal is tapped 
from the crucible. Thus, superheat of the metal is 
measured by the number of kilowatt-minutes per 
pound of titanium absorbed by the liquid charge 
before tapping. 

Titanium. The basic raw material used is commer- 
cially pure sponge titanium. Ingots of this material 
cast in a water-cooled copper crucible were found to 
have a Vickers hardness range of 140 to 180. The theo- 
retical density of titanium is approximately 280 Ib 
per cu ft, and the bulk density of the sponge was 
found to be about 48 Ib per cu ft. 

When a large charge of loose titanium sponge 
(greater than six pounds) was melted, the bottom of 
the charge became molten, but the top of the charge 
fused together to form a bridge across the crucible. 
This bridging occurred due to the temperature differ- 
ential along the height of the crucible, and the poor 
thermal conductivity of titanium. Heavy blows with 
the poke rod were required to force the bridge down 
into the molten bath. To alleviate this condition, the 
titanium sponge was briquetted (3 in. diameter and 
about 5% in. thick), increasing the packing density to 
approximately 140 lb per cu ft. No serious bridging 
was observed when the charge consisted of all bri- 
quetted sponge or briquetted sponge used in conjunc- 
tion with loose sponge. 

In some of the recent heats where a large charge 
was required, the crucible was first charged cold with 
about six pounds of titanium and the furnace as- 
sembled. After the charge had reached its melting 
point and had dropped to the bottom of the crucible, 
additional titanium was introduced through the target 
tube sleeve K. During this operation, the argon flow 
was increased to prevent the entrance of air into the 
furnace. 

In normal melting operations, the charge is melted 
with the induction coil in the lowest position, as 
shown in Fig. 1. However, in large heats where there 
is a tendency for the top of the charge to bridge, the 
induction coil is raised, as shown in Fig. 2. After the 
top of the charge melts, the induction coil is lowered. 
When alloy additions are made, they are usually in 
the form of fine powder or chips. The alloy addition 
is layered with the titanium to insure homogeneity 
and a lower melting point alloy throughout the charge. 
Commercially pure agents are used for alloy additions. 


Mold Materials. In general, three types of material 
were used for molds. These were graphite, dry sand, 
and resin bonded sands. In a number of molds, a 
combination of graphite and dry sand was used. In 
general, a sand pouring cup containing a graphite 
strainer is placed on top of the mold to direct the 
metal into the cavity and to prevent the bot material 
from entering the mold. 

Graphite molds were constructed from standard 





Fig. 2—Induction coil, showing adjusting equipment. 


graphite pipe, graphite plates, or machined from solid 
stock. A number of dry sand mixes have been in- 
vestigated; No. 11 listed in Table 2, has been found 
to give good results. Improved results were obtained 
when the baked sand mold was coated with a brushed 
proprietary graphite wash, and baked to remove mois- 
ture and solvents. The time lapse between drying 
the coated sand mold and pouring the casting was 


TABLE 2—NO. 11 DRY SAND MIX 








Material Per Cent 
Core Oil 1 

Silica Flour 5%, 
Pitch 1y 
Royal Binder 2%, 
Cereal Binder YW, 
Water 3% 
Silica Sand (GFN 81) Remainder 





kept to a minimum. Three sands, silica, zircon, and 
zirconia, were investigated for the base sand for shell 
molds. To minimize gas pick-up, only 214 per cent 
phenolic resin was used as the binder. 

Excessive pin-holing was found on castings produced 
in silica shell molds and the material was abandoned. 
Zircon and zirconia shell molds, coated with a heavy 
layer of graphite wash, produced some sound castings. 
However, no essential difference was noted between 
castings produced in zircon and zirconia and the use 
of zirconia was discontinued. Unless otherwise stated, 
zircon shell molds coated with a heavy layer of graph- 
ite wash were used to produce the castings discussed in 
this paper. In addition, all the shell molds utilized a 
No. 11 sand mix pouring cup coated with a graphite 
wash. In several cases, composite molds consisting of 
shell molds and No. 11 sand mix cores were assembled. 
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Fig. 3—Cross section, showing location of granular graph- 
ite bot in crucible tap-hole. 


In these molds, the latter was utilized to form mold 
components where shell molding was impracticable. 


Experimental Results. The information obtained 
in the production of several industrial castings in shell 
molds and the basic facts derived from earlier casting 
work will be discussed. The results cover the work of 
over 200 separate heats. The industrial castings include 
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Fig. 4—Gating and venting systems used to cast rings, 
valve bodies, and fittings in No. 11 dry sand mix. 
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Fig. 5—Gating and venting systems used to cast valve 
bodies and fittings in shell molds. 


seating rings, gate-valve bodies, gate-valve discs, globe 
valves, pipe tees, and elbows. 

The initial venting of the gating systems used to 
produce these castings is shown in Fig. 4. At the time 
these methods were tried, No. 11 dry sand mix was 
used to make the molds. Many variations of these sys- 
tems were tried, ultimately resulting in those shown 
in Fig. 5. Zircon shell molds and internal cores were 
used to cast most of the above mentioned valves and 
fittings except in the case of the globe valve. In this 
case, the internal core was made of two parts; one 
was made from No. 11 sand mix and the other from 
resin-bonded zircon sand. 

The most common defects encountered were cold 
shuts and gas holes. These defects were noted in cast- 
ings produced in both sand and machined graphite 
molds. In the latter, elimination of cold shuts and 
entrapped gases was difficult, due to the strong chilling 
action and negligible permeability of graphite. The 
surface of a 4.5-lb charge cast in a graphite pipe mold 
is shown in Fig. 6. Although sound castings were 
produced in graphite, other mold materials were in- 
vestigated due to the expense of machining graphite 
molds. 


Venting. The primary sources of gas holes were 
found to be entrapped bubbles of the mold atmos- 
phere, and gases formed by thermal decomposition of 
the mold binder blowing into the cavity or casting. 
Due to the low density of titanium, gas bubbles, once 
formed, floated to the surface slowly, and solidification 
was frequently complete before the gases were expelled 
from the casting. To minimize entrapment of mold 
gases, it was found necessary to amply vent every cope 
surface of the mold cavity. It was frequently necessary 
also to attach one or more bleed bobs to the vent 
holes so as to purge the mold cavity of gas bubbles by 
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passing a small amount of metal through the casting 
into the bobs. This is shown in the mold setups in 
Fig. 5. 

Internal cores constituted a second major source of 
defects. Gas holes were generally found on the bottom 
of the internal core, since bubbles were here prevented 
from floating to the mold vent holes. Where possible, 
internal cores were heavily vented; this precaution 
decreased the incidence of blow holes but did not elim- 
inate them. The defects shown on the globe valve 
casting in Fig. 7 (cast in a zircon sand mold) were due 
to one or both of the above causes. 

The inherent permeability of shell molds makes 
them valuable as a mold material for casting titanium, 
since the thin shell permits easy escape of all mold 
gases. Whenever possible, the internal cores are made 
hollow and are vented to the outside of the mold. 

In order to minimize gas generation originating 
from the binder burning out when the molten metal 
comes in contact with the sand, shell melds were made 
with a minimum amount of resin. Good shell mold 
reproductions of the valves and fittings were found 
possible with only 214 per cent resin. 

Gating. Since carbon pick-up is a function of the 
time the charge is held molten in the crucible, super- 
heat is held to a minimum. This in turn requires that 
the lengths of runners and ingates be held to a mini- 
mum. Whenever possible the ingates are choked to 
allow the metal to enter the mold with a minimum of 
turbulence and entrapment of the mold atmosphere. 

The experiences obtained with a variety of gating 
systems can be summarized as follows: (1) Bottom 
gating is preferable, if not mandatory. (2) Gates should 
be located so that no abrupt changes in direction occur 
in metal flow immediately beyond the point of entry. 
Thus, better results were obtained when the 90 degree 
bend in the ingates was removed in Fig. 5b, as com- 
pared to Fig. 4d. (3) The metal should be prevented 
from dropping into the cavity. Thus, in Fig. 4d, the 
globe valve was originally gated from the two flanges 
only, and the metal actually dropped down into the 
middle portion of the valve. Valves cast in this man- 
ner contained excessively pitted areas at the bottom 
of the valve. To alleviate this condition, a center in- 
gate was added as shown in Fig. 5d. (4) Use of large 
rounds and fillets instead of sharp corners or abrupt 
changes is of extreme importance in obtaining sound 
castings. In many cases, pitted areas were almost en- 
tirely eliminated by utilizing this practice. An example 
of this is shown in Fig. 5a, where the’ section leading 
from the flange to the body was flared to improve feed- 
ing. Prior to flaring this section, the castings contained 
cold shuts on the body and pitted areas between the 
flange and body. 


ee | ve 
Fig. 6—Casting produced in graphite pipe mold. 











Fig. 7—Globe vaive body, showing gas entrapment under 
internal core. Cast in zircon sand mold. 
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Fig. 8—Titanium-iron-vanadium alloy castings produced 
in No. 11 dry sand mix molds and internal cores. 


Effect of Alloymg Elements. In all but a few cases, 
cold shuts were present in castings produced with un- 
alloyed titanium. However, as alloying additions were 
made, cold shuts were eliminated. The maximum and 
minimum Vickers hardness readings on unalloyed 
titanium castings were 303 and 175, respectively, and 
the average hardness for fourteen heats was 255. The 
low hardness values were usually obtained in graphite 
molds. 

A number of titanium alloys were cast. These in- 
cluded: Ti-1 to 3% Fe, Ti-1.2 to 3% Fe-0.8 to 2% V, 
Ti-2% Cr, Ti-15% Cr, Ti4% V, Ti-2% V4.3% Al, 
Ti-5% Ta4% Al, Ti-1.5 to 8.5% Si, Ti-7% Mn, Ti- 
8.5%, Cu, and Ti-36% Al. The Ti-Fe, Ti-Fe-V, and 
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Fig. 9—Titanium-iron-vanadium alloy castings produced 
in zircon shell molds. 


Ti-Si alloys were found to give good surface finishes. 
The other alloys were found to be of no particular 
advantage. The titanium-silicon alloys produced 
sound castings with a good surface. However, the cast- 
ings were extremely brittle and machining was 
difficult. 

The titanium-2% iron and titanium-1.2% iron- 
0.8% vanadium alloys produced sound castings with 
a good surface finish and had better machining 
properties than the titanium-silicon alloys. The tita- 
nium-1.2% iron-0.8% vanadium alloy had slightly 
better melting and casting characteristics, and was 
used for most of the castings made. Castings produced 
from this alloy had a Vickers hardness of 315 (average 
for 10 heats). 

In general, the fluidity or castability of titanium in- 
creased with alloy additions. 


Impurity Pick-Up. The carbon and nitrogen pick- 
up in melting titanium-2% iron and titanium-1.2% 
iron-0.8% vanadium alloys average 0.70 and 0.055 
per cent, respectively (both values are an average of 
10 heats). Recently, a titanium-2% iron alloy was cast 
in a graphite pipe to determine the mechanical prop- 
erties. The average iron, carbon, and nitrogen con- 
tent was actually 2.02, 0.78, and 0.053 per cent, 
respectively. The as-cast bars elongated between 2 and 
3 per cent (l-in. gauge length), and had a tensile 
strength of about 105,000 psi. This agrees with the 
elongation values found by Simmons and Edelman 
for titanium-0.7 to 0.8% carbon alloys. Heat treat- 
ment did not improve the ductility of the bars. 


Castings. Castings produced in No. 11 core sand 
molds and internal cores coated with a graphite wash 
are shown in Fig. 8. The gating and venting systems 
for these castings are shown in Fig. 4. The ring shown 
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in this figure was a titanium-1.2% iron-0.8% vana- 
dium alloy and had a Vickers hardness of 301. This 
ring showed good machining characteristics. A gate 
valve body casting and a cross-section of a valve body 
showing the soundness of the metal cast are also 
shown in Fig 8. Difficulty was encountered with the 
casting of the gate-valve disc and the alloy content 
was increased to 5 per cent (3% iron, 2% vanadium) 
to produce the disc in Fig. 8. 

Castings produced in zircon shell molds coated with 
a heavy layer of graphite wash are shown in Fig. 9. 
The gating and venting systems for these castings are 
shown in Fig. 5. Almost all of the castings produced 
in zircon shell molds had a good finish, although in a 
number of cases one or several gas holes were present 
in sections of the casting that were difficult to vent. 
The defects in Fig. 7 illustrate this point. However, 
the occurrence of gas holes was sporadic; identical 
gating and venting systems produced some sound 
valve bodies and others that had one or more gas 
holes. 


Conclusions 


1. A furnace has been developed which permits the 
convenient melting and casting of titanium in an ar- 
gon atmosphere. Mechanical operation has been sim- 
plified and standardized so that a minimum super- 
visory effort and maintenance are required. 

2. A zircon shell mold bonded with approximately 
21% per cent resin and coated with a graphite wash 
was found to produce good finishes and relatively 
sound castings. A dry sand mix has been developed 
which can be used in conjunction with shell molds. 
The material can be used for pouring cups and to 
make component parts in molds where shell molding 
is not practical. 

3. A number of castings of industrial significance 
have been successfully produced. These include gate- 
valve bodies, gate-valve discs, gate-valve seating rings, 
sealing rings for centrifugal pumps, globe valves, and 
pipe tees. 

4. A titanium-1.2% iron-0.8% vanadium alloy has 
been found to have good fluidity and castability char- 
acteristics, and castings produced with this alloy were 
machinable. 
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TRAINING IN ACCIDENT PREVENTION 


By 


T. A. Kraklow* 


The exact proportion and type of training necessary 
to produce the most effective results in safety activities 
varies from plant to plant. Each program must be 
flexible and adaptable to the problem at hand, and 
must cover the specific situation. 

To management, production and worker morale 
are important because high morale means happier, 
more efficient workers to operate the production ma- 
chines in the plant. Top management does not have 
the time or know-how to carry out a good safety 
program. The men who direct the foreman’s efforts, 
from his superintendent up to top management, 
certainly encourage safety; but neither group has the 
necessary personal daily contact with employees who 
operate the machinery and equipment necessary for 
production. 

The supervisor is in charge of production. He is 
responsible for getting out production, in charge of a 
department containing the three m’s—men, machines, 
and material; and anything affecting one of them in- 
terferes with getting out production. 


Supervisor is Responsible for Safety 


The supervisor is not always safety-minded. His 
job is as he thinks—production. So many times he 
fails to link safe production with good production. 
He may take active interest in safety for a time but, 
being production-minded and measuring production 
results daily, he sometimes feels that his safety preach- 
ing to his employees is falling on deaf ears and 
does not persist in his efforts, 

It is sad but true that many workers fail to see 
why the foreman keeps after them on safety. They 
usually end up by resenting safety instructions or dis- 
regarding them for shortcut or unsafe work habits. 
We say safety and production go hand in hand. Why 
put safety on one pedestal and production on another? 

If any department supervisor was asked what, as 
supervisor, he is responsible for, nine times out of 
ten he would answer, “getting out production,” and 
that would be true. He is responsible for production. 


* Safety Director, Deere & Co., Moline, Ill. 
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Therefore, anything that interferes with expected pro- 
duction must be his concern. 

Accident -prevention and production efficiency go 
hand in hand. The causes of production trouble are 
the same as the causes of accidents. Time and money 
are lost because material is not properly piled; time 
and money are lost when aisles are blocked which 
interferes with the flow of materials. 

Accident or injury does not happen every time 
something is done in an improper manner, but if 
permitted to continue, accidents will occur and both 
injuries and production loss will result. There is a 
right way to do every job. If jobs are properly planned 
and physical and mechanical conditions maintained 
as they are supposed to be, we would not have acci- 
dents. 

In short, if we would get people to do their jobs 
in the way they should be done, that is all there is 
to accident prevention. 

To the worker, safety means freedom from suffering 
and the hardship from loss of earning power so essen- 
tial to his family and status in life. Yet in spite of 
these arguments accidents happen. 

We must show the supervisor how to keep up pro- 
duction by conserving men, machines and materials. 
Coordinated efforts of maintenance, production and 
methods men lay the groundwork for a good safety 
program as far as machines and material go, yet men 
are the supervisor’s responsibility when it comes to a 
safety program. A guarding program does not con- 
stitute a complete accident prevention program. 


Accident Prevention Training Necessary 


The principal tool of the supervisor in accident 
prevention is training or accident education in order 
to keep a safety program going. The men he directs 
are the ones who get injured. Safety to a foreman 
should never be a matter of statistics but, rather, is 
a personal matter. He is the pivot around which his 
job and men revolve. The success of his job depends 
on the application of his energy and know-how. 

Your men are being hurt because they continue 
to oil moving machines, perform unsafe acts, take 
chances, etc., for no good reason. They should not 
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violate these instructions. You as a supervisor are paid 
for your ability to handle men to produce satisfact- 
orily and safely. You are expected as a supervisor to 
demonstrate your ability as a supervisor to stop them. 
These statements certainly cover a supervisor's job. 
Employee's Responsibility for Safety 

Most directly affected is the average employee. He 
should not have to be sold on safety, yet he usually 
is the hardest to sell. The worker must be made to 
realize his responsibility for safety on the job, and 
the supervisor should use this tool for better pro- 
duction. Three steps are important: 

1. Teaching safe work habits, maintaining interest 
in safety among his workers, and discussing safety 
problems with them singly and in groups. 

2. Keeping his department free from accident 
hazards by his examples. 

3. Investigating accidents to workers and equipment 
to learn causes and to use this information to prevent 
other accidents, 

Every worker should have job instruction, what to 
do and how to do it for safe production. Safety in- 
struction should always be included. Then constantly 
check for unsafe work habits creeping in and take 
steps to correct them because accidents to men, 
machines, or material can slow or stop production. 

It is a well known fact that, on the average, workers 
who come into our foundries have no special aptitudes 
in foundry operations. Therefore, it is not unreason- 
able to expect them to make occasional errors. We 
cannot expect a workman to do the job right until 
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after he has been taught the right way to do it. 

Nothing can serve production or safety education 
better from the supervisor’s standpoint than the 
“howdy round.” The easy day by day contacts on the 
job—that’s how he learns to appeal to people. He 
learns an individual worker’s limitations, coopera- 
tion, working habits, temperament, troubles and is 
in a position to help. 

Records show that reasonably intelligent men can 
do a competent day’s work without hurting them- 
selves or anybody else if they are trained and stimu- 


lated to do so. 
Accidents Can Be Prevented 


Danger can be foreseen, and the day is past when 
an accident can be regarded as a glorified misfortune. 
With few exceptions the person who huris himself 
must realize that he has done something that is not 
much to his credit. An accident reflects on: the know- 
how of the worker who disables himself while trying 
to perform useful work; the know-how of the injured 
man’s supervisor, who is responsible for prescribing 
the way the work is done and for assuring satisfactory 
performance by making safety directions a part of 
every instruction, explanation and order given; the 
know-how of the supervisor’s superiors whose activities 
differ from those of the direct supervisor chiefly 
in degree. If the boss does not take safety matters 
seriously, his men could hardly be expected to. 

When we discover that safe practices are an essen- 
tial part of production, we automatically gain good 
production as we pursue safe production. 

















COOLING CASTINGS AFTER SHAKEOUT 


By 


T. J. Glaza* 


Transporting hot castings from the foundry to the 
cleaning room can be done economically by means 
of conveyers. Length of these conveyers determines 
the initial installation cost, but the length must be 
sufficient to deliver castings at a temperature at which 
the next operation can be performed. 

Cooling of castings depends on such variables as 
size, thickness and type of castings, core in or out, 
whether castings are to be cooled individually or 
grouped in baskets or trays, weather conditions, etc. 
To determine results, it is advisable to conduct cool- 
ing time tests, which should establish certain factors 
for engineering design. 

Castings at 140 F will cause burns on hands if 
handled without special gloves or other precautions. 
If castings are to come in contact with people it is 
advisable to cool castings below this temperature, 
say 130 F. 

Various means are used to cool castings, such as 


*Maintenance Supt., Crane Co., Chicago. 


air blast, water spray, water immersion, etc. However, 
these means have their limitations, and at times are 
undesireable, in which case only time can be relied 
upon for cooling. Use of water to cool, thereby using 
the latent heat of evaporation, is commonly used. 
However, there is danger of metal cracking if the 
castings are too hot. In one instance such a test was 
conducted and it was determined that a temperature 
of over 500 F with any type of spray would cause 
cracks in castings, cracks did not occur if the same 
castings continued to cool in air. 

Generally it may be said that an air blast assists 
in reducing the temperature of the castings at the 
start of the cooling period, However, it does little 
when the temperature is considerably reduced. Fur- 
ther, it does little to reduce the heat of castings in a 
mass, such as castings in baskets, where castings are 
protected, and heat transfer from the center of the 
mass is unaffected. Figure 1 shows a system designed 
to handle small castings. Figure 2 shows medium and 
large castings being cooled on a conveyer system, the 
smaller of these castings being placed in a basket, 





Fig. 1 (Left)—Cooling system designed for small castings. 
Fig. 2 (Center)—Medium-size and large castings being 
cooled on a conveyer system. Smaller castings are in the 
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basket whereas larger castings are usually hung on the 
“ice tong” conveyer. Fig. 3 (Right)—Large size castings 
are hung on a cooling conveyer using chain. 
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Fig. 4—Time-temperature cooling curve for iron fittings. 
All fittings were cooled in still air. 
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Fig. 5—Time-temperature cooling curve for castings 
using basket arrangement. 
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Fig. 6—Time-temperature casting cooling curves. 
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the larger being hung on the conveyer using an 
“ice tong” arrangement. Similarly, Fig. 3 shows where 
larger-sized castings are hung on a cooling conveyer 
using chain, and after being properly cooled are sub- 
sequently delivered to a blast room and cut-off floor 
for annealing purpose. These conveyers were designed 
to transport these castings to the desired location for 
the next operation with the least amount of labor 
to reduce handling costs. 


Casting Cooling Time Tests Performed 


Some years ago the writer attempted to find some 
guide to determine the length of a conveyer, based 
on time, and found no such information available. 
As a result various tests were conducted on the prod- 
uct concerned. Figure 4 shows the average of sev- 
eral tests on various products, each casting indi- 
vidually air-cooled in still air. It will be noted that 
castings reach the desired 130 F temperature in 1-2 
hr time. Figure 5 shows the average of several tests 
where about 750 Ib of castings similar in nature to 
those shown in Fig. 4 were cooled in baskets. Three 
readings were taken, one by pyrometer showing inside 
temperature, the top casting temperature, and basket 
temperature. Inside casting temperature did not reach 
130 F until 5 hr later, whereas Fig. 4 shows casting 
reach “handling” temperature within 2 hr if cooled 
individually. 

Figure 6 shows time temperature curves of various 
product, generally thin-walled sections at various out- 
side temperatures each hung on a separate hook. 
Outside temperature did not materially affect cool- 
ing rate, nor did the size of product so long as it was 
fairly uniform in thickness. All castings reached the 
desired temperature between 114 and 2 hr after the 
shakeout operation. 

While such charts as shown are helpful, they can be 
used only as a guide to assist analyzing individual 
problems and cannot be taken to cover large, heavy, 
or dissimilar castings. Similar curves should be drawn 
on castings considered, especially if they are to be 
conveyer cooled as it might prove uneconomical to 
cool exceptionally large castings. Perhaps the best 
solution in cooling large castings is to let them 
cool overnight without special handling means. 

When modernizing, it is advisable to analyze the 
product to be handled, conduct tests on specific prod- 
uct to determine time required to cool for the sub- 
sequent operation and be governed by handling 
methods available. 
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GRAPHITIZATION OF MAGNESIUM-TREATED WHITE IRONS 


By 


C. M. Hammond,* F. J. Walls,** W. B. Pierce* and R. A. Flinn* 


ABSTRACT 

When a white iron structure is obtained as a result of 
magnesium treatment of high carbon, high silicon iron it may 
be graphitized by heat treatment. The results of this investi- 
gation indicate that a ductile iron structure containing spher- 
oidal graphite results from this graphitizing heat treatment. 
Furthermore, a very short treatment at high temperature, as 
little as 5 min at 2000 F, will graphitize completely a white 
Y4-in. section. Heavier sections require a longer time for com- 
plete graphitization even when less carbide is originally present 
due to the occurrence of as-cast graphite. 

The relationships among time for complete graphitization, 
temperature and section size are given by the following em- 
pirical equations: 











Section, in. T (°F) = m log,time(min) + b 
7 T = -267log,ot re 2137 
\, T st -247logiot + 2168 
Vs T a -231logyot + 2200 
I T - -203]og;ot + 2180 
Introduction 


The purpose of this investigation was to observe the 
time for graphitization and shape of graphite resulting 
from heat treatment of magnesium-treated white irons 
in different section sizes. There are many applications 
for this information: 

1. Annealing of thin sections and hard corners in 
ductile iron has received little quantitative attention. 
The variation of first stage graphitization time with 
temperature and section size requires investigation. 

2. The possibility of avoiding as-cast flake graphite 
at high silicon levels (e.g. 2-3 per cent Si), coupled 
with the advantage of rapid annealing time seems 
attractive in magnesium-treated iron. 

Rehder! has already contributed much to our 


understanding of the graphitization of magnesium- . 


treated iron at normal annealing temperatures, but 


the purpose of this investigation was to determine — 
whether exposure to higher temperatures (e.g. above 


1800 F) would produce spheroidal graphite rapidly; 
and also to survey graphitization time over a variety 








*American Brake Shoe Co. Research Fellow, Assistant Professor 
and Professor respectively, College of Engineering, University 
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of section sizes. In the case of blackheart malleable, 
very high malleabilizing temperatures, e.g. 1900-2000 
F, lead to disconnected flake structures and are not 
used. Schneidewind and Rehder?:? have summarized 
the effects of section size in blackheart malleable and 
comparable data for magnesium-treated iron were 
needed. 


Conduct of the Experiments 


Casting Procedure—Three 100-lb magnesium 
treated heats were poured in the range of carbon, 
manganese and silicon normally encountered in fer- 
rite ductile iron production, Table 1. The magnesium 
was deliberately in the high range to develop appre- 
ciable amounts of free carbide in the various section 
sizes. A rammed magnesia lining in the high frequency 
induction furnace was employed in all cases. The 
charge was composed of Lyle pig, low carbon steel 
punchings and ferroalloys. 

Green sand step bar castings with 1, 14, 1%4, and 
lg-in. thick plate sections (Fig. 1) were poured at 











TABLE 1—CHEMICAL ANALYSES 
Heat No. Cc Si Mn Mg P S 
203 3.37 2.34 Ca 029 01 
212 3.7 2.31 46 078 02 Oll 
344 3.51 2.24 32 10 ree 








Fig. 1—Sketch of test castings and sectioning procedure. 
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2—Isothermal graphitization of Yg-in. section. 
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Fig. 3—Isothermal graphitization of %-in. section. 


2580-2600 F. The as-cast structures in all cases varied 
from graphite free in the 14-in. section to increasing 
amounts of spheroidal graphite in the heavier sections, 
Fig. 2. The test bar provided, therefore, both an 
example of a medium section casting with light chilled 
portions and as well as of completely white sections. 

Heat Treatment.—To insure rapid heating to the 
desired graphitization temperature the castings were 
sectioned as shown in Fig. 1 to provide 14-in. thick 
slices. In this way the type and amount of carbide 
was still representative of the different as-cast sec- 
tions, but the time lag in heating was about the same 
for all sections. The end portions of the cast blocks 
were discarded since the as-cast structures in these 
zones might not be representative. 

The slices were then attached to heavy steel wires 
and, after 10 min preheat at 1000 F to avoid cracking, 
were plunged into molten lead at the desired tempera- 
ture (1600-2000 F). For this purpose a 200-lb lead bath 
in a graphite crucible was heated by a 50-kw high 
frequency induction set. A charcoal cover was main- 
tained over the lead and temperatures were measured 
by a chromel-alumel thermocouple encased in a thin 
fused silica tube. Because of the induction stirring, 
temperature variation within the bath was +2°F. The 
desired temperature in the range 1600-2000 F was 
maintained within +5°F by manual control of the 
power from the high frequency motor generator set. 
Different slices were held at temperatures for various 
times spaced logarithmically as plotted in Fig. 2, 3, 
4, 5. 
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Fig. 4—Isothermal graphitization of /2-in. section. 
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Fig. 5—Isothermal graphitization of 1-in. section. 


The specimens were air cooled from the heating 
temperature to indicate the type of matrix obtainable 
at this rate. Water quenching would, of course, have 
resulted in slightly more accurate graphitization data 
but because of the rapid air cooling and the logarith- 
mic decrease in graphitization rate with temperature, 
the error was considered negligible. The additional 
information concerning the air cooled matrix was 
desirable. 

Following heat treatment, specimens were sectioned 
with a “‘soft’’ water-cooled abrasive cut off wheel and 
mounted in bakelite for metallographic polishing and 
etching. In all cases a fine pearlitic matrix with traces 
of ferrite and varying amounts of spheroidal graphite 
and massive carbide were obtained. Therefore, the 
principal effect was elimination of the as-cast massive 
carbide. This variation was estimated from metallo- 
graphic examination and recorded as per cent free 
carbide by volume, Fig. 2-5. The reproducibility of 
estimates among observers was approximately 5 per 
cent. 

From these data the lines were drawn for each sec- 
tion size showing the time for graphitizing to less 
than 14 per cent by volume of massive carbide, i.e., 
less than 4 per cent carbide remaining, There was 
no consistent difference among the heats so that only 
one common line was drawn for each section. See 
Fig. 6. 


Discussion of Results 


The results of the experiments may be considered 
under three headings. (Little difference was dis- 











C. M. HaAmMMonp, F. J. Watts, W. B. Prerce anp R. A. FLINN 


COMPOSITE OF IST STAGE GRAPHITIZATION cernible among the heats so they will be discussed 
OF MAGNESIUM TREATED WHITE IRONS ' 
as a group) 
A. Type of graphite produced 
B. Variation of graphitization time with tem- 
perature 
C. Variation of graphitization time with section 
size 
A. Type of Graphite Produced.—As mentioned 
earlier, the graphitization of normal white iron at 
1900-2000 F leads to flake graphite distribution quite 
similar to Type A graphite in gray iron. It is, how- 
— ever, desirable to conduct graphitization at these 
aig higher temperatures if possible because of the dras- 
Fig. 6—Summary of graphitization data tically reduced time required. This possibility is dem- 
Yg to 1-in. sections. onstrated for magnesium-treated irons in the photo- 


A—aAs-Cast B—1900 F, 5 min, air cooled 








C—1900 F, 10 min, air cooled D—1900 F, 20 min, air cooled 


Fig. 7—Heat 344, \%4-in. section, graphitized at 1900 F various times, showing. disappearance of massive 
carbide. Center of section. Etch—2% Nital. Mag.—250X. 
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micrographs of Fig. 7 indicating the formation of 
spheroidal graphite in the 4-in. section of Heat 344. 

The as-cast specimen contains approximately 60 
per cent massive carbide and only traces of graphite. 
(The dark spotted areas in the photomicrograph of 
the as-cast specimen merely represent finer pearlite 
than obtained in the lighter etching areas in other 
positions of the matrix.) 

After 5 min at 1900 F and air cooling, Fig. 7B, 
only 30 per cent of the structure is massive carbide 
and the balance is spheroidal graphite, pearlite and 
ferrite. After 10 min at 1900 F only traces of mas- 
sive carbide, about | per cent are noted, Fig. 7C, and 
after 20 min no massive carbide remains. 

Therefore, massive carbide is converted to spher-- 
oidal graphite (+ austenite) in these magnesium-- 


treated irons. No significant variations in the shape ' 
of the graphite were noted at different heat treatment - 


and temperatures in the range 1600-2000 F. 
B. Variation in Graphitization Time with Tempera- 


ture.—A logarithmic decrease in graphitization time - 
with temperature was obtained. This confirms the ” 


results of Rehder! for magnesium-treated iron and 
of Rehder? and Schneidewind? for blackheart malle- 
able iron. This is a vital part of the work because, 
for example, an increase of temperature from 1600 F°* 


to 1950 F changes the time from 200 min to 7 min for } 


the 14-in. section and correspondingly for other sec- ° 
tions. 
The data may be plotted as an empirical equation 
of the form: 
Temperature (°F) = m log,otime + b 
Where m is the slope and b the Y axis intercept. 
This is not as desirable theoretically as using 
1, but provides a more convenient guide for heat 
T° absolute 
treatment. Also since two rates, nucleation and 
growth, are involved a simple relationship of rate to 
1 is not expected. 
T° absolute 
C. Variation in Graphitization Time with Section 
Size—The time to eliminate massive carbide is con-" 


. . . . ‘ 
siderably greater in heavier sections even when the , 


sections contain less carbide (because of as-cast 
spheroidal graphite) in the as-cast condition. This 
follows the established effect for graphite free sec- 
tions in blackheart malleable iron in which it is 
demonstrated that in the lighter sections the carbide. 


is finer and more diffusion surface is available. Also, ! 
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‘a greater number of nucleation sites are present in 
‘the lighter sections and carbon diffusion path is 
* shorter. 

The equations for graphitization time versus tem- 
perature for the various sections are given in Table 2. 
TABLE 2—TIME vs SECTION SIZE 
Equations of Graphitization for Various Sections 
of Magnesium-Treated White Irons 








Section, in. T (°F) = m log Time min +b 
% -267 +2137 
l, -247 +2168 
iy -231 +2200 
| -203 +2180 
Rehder (average)* 
\, -245 
Conclusions 


1. In magnesium-treated white iron spheroidal 
graphite may be obtained by heat treatment at very 
high graphitization temperatures (1900-2000 F) in 
very short times (20-3 min). 

2. The graphitization time at a given temperature 
is longer for heavier sections than for lighter sections 
even when the heavy section contains appreciable 
as-cast spheroidal graphite and the light section con- 
tains no as-cast graphite. 

3. The above results indicate the possibility of rapid 
annealing of either white or partially graphitic mag- 
nesium-treated irons by treatment in molten salt or 
by induction heating. This should minimize scale 
formation and decarburization and improve dimen- 
sional tolerances. 
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PRACTICAL APPLICATIONS 


FOR EXPANSION 


By 


PLASTER 


O. H. Harer* 


Introduction 


Plaster is a useful material for the foundryman 
and patternmaker, It has been employed for many 
years to check the correct fit of mold assemblies or 
the proper setting of cores. The outstanding charac- 
teristics of plaster in this application are dimensional 
stability and perfect reproduction of pattern equip- 
ment. It is necessary to have a plaster that will retain 
its dimensions as poured, so that when the plaster 
assembly is completed it will be an exact replica of 
the sand mold assembly that is to be made later. 

In the past there was only one material for this 
purpose, namely plaster of paris. Now there are several 
formulated gypsum cements that can be used for spe- 
cific applications. The gypsum cement used for 
checking purposes must be one that either has no 
expansion or very little expansion. The greater its 
stability the better it meets the requirement for check- 
ing purposes. This type of plaster is used extensively 
for checking pattern equipment. 

Since the development of new types of gypsum 
cement covers a wide variety of materials and their 
uses enter many fields of application, this paper will 
be confined to the discussion of expansion plaster. 


Material 


Medium high and high expansion plaster are two 
gypsum cements having unique characteristics. They 
expand uniformly in all directions and have the 
highest setting expansion of any known gypsum 
cement. 

High expansion plaster does not have dimensionally 
stable characteristics after setting so it must be used 
when the correct expanded dimension has been 
reached or as soon thereafter as possible. 

Medium high expansion plaster is a newer develop- 
ment. It has been tinted yellow to distinguish it from 
the high expansion plaster. Medium high expansion 
plaster is characterized by higher strength, uniform 
and consistent expansion and dimensional stability 


* Manager, Scientific Cast Products Corp., Chicago. 
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after the desired expansion has been achieved. This 
plaster is strong enough after setting to be used as a 
pattern. For best results patterns made from medium 
high expansion plaster should be used within three 
or four days after being poured. However, we have 
held some patterns for several weeks and found them 
dimensionally correct, 

Since the introduction of medium high expansion 
plaster, we have used it for expansion problems with 
satisfactory results. The foundryman and _pattern- 
maker can realize big savings by utilizing the expan- 
sion process in the following applications: 

(1)—When only a single shrink pattern is avail- 
able, a matchplate can be made for production work 
directly from that pattern. 





Fig. 1—Illustration shows completed match of a white metal 
drier pattern. The drier pattern was made from the same 
slug used in making the split core box. The dried measured 
approximately 12x22 in. with a depth of about 342 in. Since 
the matchplate had to have the same dimensions as the white 
metal drier pattern, the plaster to water ratio to expand the 
pattern 0.125 in./ft was used. This expansion compensated 
for the aluminum shrinkage when the matchplate was poured. 
The angle bars clamped over the match can be easily removed 
when the plaster has set. (The depth of the drier pattern 
is about 32 in.) Since the medium high expansion plaster 
begins to expand as soon as it sets, the plaster should be 
poured over a male slug taken from the pattern. It was found 
from experience that expanding plaster poured into a cavity 
of this kind cannot be removed without breaking. This first 
pour, then, is from a regular low expansion industrial plaster. 
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Fig. 2—Angle bars are placed around the slug so that the 
necessary thickness of 212-4 in. can be maintained when pour- 
ing the expanding plaster. Angle bars are assembled to main- 
tain that thickness not only over the top of the pattern but 
also on each end and both sides. Uniformity of plaster thick- 
ness over and around the pattern will reduce the possibility 
of warpage if mold sections vary considerably in cross-section 
thickness. 





Fig. 4—Here is the expanded medium high expansion pattern 
from which the metal casting or matchplate plaster mold will 
be taken. Four brass locator pins are visible. These are used 
to locate the cope half of the mold with the drag half when 
assembling the units in the pouring frames. The 1-ft standard 
dimension scale is imbedded in the plaster to determine ex- 
pansion. The angle bars have been removed and the mold 
is resting on a greased surface plate to permit free expansion 
in all directions. To the right is the white metal master 
drier pattern from which the original match was made. 


(2)—In many applications the expansion process 
makes it possible to start with a slug from a corebox 
and go directly into an aluminum drier matchplate. 

(3)—-It is often practical to make a white metal 
drier pattern from the slug, have it finished and fitted 
and then use expanding plaster to make an aluminum 
drier matchplate. See Figs. 1-7. 

Successful use of expansion plaster is determined by 
proper preparation and procedure. In the use of 
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Fig. 3—Medium high expansion slurry being poured into the 

mold. Having been mixed mechanically, the slurry is smooth 

and creamy. The flow over the mold is slow as the slurry 

is rather thick, and a certain amount of agitation is required 

to force it firmly over all parts of the mold. This agitation 
also removes any air pockets or air bubbles. 


medium high expansion plaster it is a good policy to 
follow standard recommendations for storing plaster. 
Since age does have a slight effect on the expanding 
characteristics of expansion plaster it is advisable 
to buy the materials in quantities that will be used 
within three to four months. 

Prior to the use of medium high expansion plaster 
for production work, we conducted a series of tests 
to familiarize ourselves with the material and to arrive 
at the best plaster to water ratio for expansion 
characteristics ranging from 1/16 to 7/32 in. per foot. 
During the tests we varied the plaster to water ratio 
and the temperature of the water which we found 
important if consistent results are to be achieved. In 
the first series of tests, 100 parts plaster were used with 
36 parts water by weight with the temperature of the 
water at 70 F. In this series of tests, we held the 
plaster and the temperature constant while increasing 
the quantity of water by two parts for each test pour 
up to 54 parts of water. The next series of tests were 
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Fig. 5—-The cope and drag metal casting plaster have been 

assembled in machined cast iron frames and are being pre- 

pared for the pouring block. The thickness of the aluminum 

matchplate is determined by the thickness of the plate stock 

being placed on the drag half. The standard matchplate ears 

can be seen on each end. To the right is the space over 
which the metal pouring basin will be placed. 


Fig. 6—The shooting block has a stationary bottom. The 
drag is placed on this block and then the cope is positioned, 
being matched to the drag by steel hardened pins. The 
cylindrical metal container is then put in place. It is filled 
with molten aluminum, capped, and then air pressure is 
applied to force the metal into the mold cavity. 


made by keeping the temperature constant at 100 F 
instead of 70 F. The same plaster to water ratio was 
used as in the first series. In the final series of tests 
100 parts of plaster and 40 parts of water by weight 
were held constant while the temperature was in- 
creased 5 degrees for each test pour until 100 F was 
reached. 
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Fig. 7—In the foreground is the white metal drier pattern. 
It shows the depth of the ribs which clear the main depth 
of the drier by about 1 in. In the background are the two 
expanded master patterns from which the metal casting plaster 
molds were made for pouring the matchplate. Although not 
clearly visible on the two molds, it is possible to see the im- 
pression left by the 1-ft scale which is used to determine the 
correct expansion just before using the master pattern. In 
the center is the finished aluminum drier matchplate from 
which about 800 aluminum driers were made at a big savings 
in time and money. 


Test Results 


More than 30 test samples were poured. The size of 
the block of plaster in each case was 12 x 16 
x 21% in. thick. A 12-in. standard rule was imbedded 
in the plaster to determine the amount of expansion 
as it progressed. Periodic checks were made from time 
to time to ascertain the results of the different com- 
binations. 

In reviewing the results of these tests, it was found 
that the water and plaster must be held to definite 
quantities by weight with the proportions depending 
on the amount of expansion desired. As the quantity 
of water was decreased the expansion was found to 
be higher. As more water was used in the mix, the 
expansion was less. The best water temperature range 
proved to be from 70 to 80 F. The formulas we 
selected for production work were taken from the 
test results and are as follows: 





Medium High Expansion Water, Temperature, 
Plaster, lb Ib F Expansion, in./ft 
100 54 70 to 80 0.0625 
100 48 70 to 80 0.125 
100 42 70 to 80 0.187 
100 36 70 to 80 0.218 





It was found that the greatest part of the expansion 
took place within 2-3 hr after pouring and total ex- 
pansion was completed in about 12 hr. The expanded 
pattern then could be held for a week and used with- 
out experiencing any or very little change in dimen- 
sions. The 214-in. thickness was used because our 
metal angle bars were that width. We found it was 
possible to use thicknesses up to 4 in. and get the 
same results. To achieve the best results the thickness 
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of plaster poured over a model or pattern should be 
21% to 4 in. in thickness. 

When mixing, the operator should pour the correct 
amount of water into a container and disperse the 
plaster evenly into the water so that a uniform smooth 
slurry will result. A mechanical mixer is recommended 
since it is difficult to get a smooth mass when mixed 
by hand, especially when less water is used for greater 
expansion. Either an electric or air driven 14-hp 
motor with a 4-in. disc will be satisfactory for small 
batches up to 40 Ib. 

Patterns used for expansion plaster process can 
be made of gypsum cement, wood or metal. However, 
medium high expansion plaster generates considerable 
heat during the setting and patterns made of wood 
are apt to warp. Therefore, the patterns should be re- 
moved from the plaster as soon as it sets to prevent 
distortion and possible confinement of the expanding 
cast. 

Before the plaster is mixed, the pattern should 
always be given a coat of parting compound. The 
slurry is then poured into the frame formed by angle 
bars as shown in Fig. 1 and should not be disturbed 
until the plaster has set. The expansion begins as 
soon as the plaster sets or hardens. Therefore, it is im- 
portant to remove the angle bar frame pieces promptly 
(approximately 35 min after pouring). The mold is 
then placed on a greased surface so that complete 
expansion can take place. 
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Conclusion 

The principles of handling expansion plasters to 
compensate for shrink allowance have been set forth 
to illustrate that these materials have a place in the 
pattern and foundry industries. A better understand- 
ing of the methods involved should permit the use of 
expansion plaster for many jobs. The following are a 
few of the many applications where medium high 
expansion plaster is used satisfactorily: 

1. When only a single shrink pattern is available, 
a matchplate can be made for production purposes 
directly from that pattern by using expansion plaster. 

2. Replacement of a corebox can be accomplished 
by taking a slug from the corebox and expanding 
to compensate for correct shrinkage. 

3. Wood or plaster models made to standard dimen- 
sions can be expanded and metal equipment produced 
to take care of production requirements. 

These and other patternmaking applications have 
been made possible through the use of expansion 
plaster. Skillful utilization of these materials will ex- 
pedite production and prove economical during the 
transition period between the single shrink pattern 
and production equipment. 
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CASTING QUALITY AS RELATED TO pH — 
VALUE OF MOLDING SANDS 


By 


V. E. Zang* and G. J. Grott** 


@ Most sand foundrymen are familiar with those 
periods when the sand “goes bad.” Molds tear, erode, 
scab, and buckle. The gating is changed, something is 
added to the sand, and after awhile, the sand is good 
again. Then one day the trouble reappears. Should the 
gating be changed back again, should something else 
be added to the sand, or maybe taken out? It is the 
same old merry-go-round. Unitcast was no exception 
and rode the merry-go-round for years along with 
other foundrymen. 

In December 1952, the sand started to feel brittle; 
molds tore along the edges as the patterns were drawn 
and were most difficult to patch. Castings had a rough 
surface, showed erosion and scabbing, and nothing 
that was done gave any improvement. Extra soft 
ramming reduced scabs but erosion was worse and 
swells were prohibitive. Figure 1 shows a mild case 
of drag scabs and rough finish with protrusions due 
to slight tears along the parting line. No laboratory 
tests gave any clue to the difficulty except that the fines 
were high (AFS clay 12.5 per cent) as a result of trying 
to keep the strength up by adding more clay. 


<r . 


Measuring pH Factor 


The senior author suggested that the pH of the 
sand be measured. A pH meter had been purchased 
in 1949 following the paper by Booth.! Laboratory 
work conducted at that time had shown little change 
in sand properties as the pH was varied and pH had 
been forgotten. 

This time when the pH of the western bentonite 
being used was measured, the operator was ready to 
overhaul the instrument because it was “off”; it is 
known that western bentonite is basic and the in- 
strument showed it to be acid. But the instrument was 
correct. The pH value of the bentonite was 5.25 and 
all the system sand (over 700 tons) was also acid with 
a pH of 5.0. No one knew what to do about it. 


— = 


. 








*Vice-President and **Superintendent of Standards, Unitcast 
Corporation, Toledo, Ohio. 
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Foundrymen have not been totally ignorant of the 
possible influence of pH on the properties of sand 
mixtures. For example, the Founpry SAND HANDBOOK 
specifies the use of sodium hydroxide in the AFS Clay 
Test to keep clay from agglomerating when cereal is 
present. Booth! measured room temperature proper- 
ties of natural molding sands and found significant 
changes occurred as sodium carbonate was added. 
Pavlish? reported the effect of numerous chemicals 
on the green and dry strength of clays but again the 
practical tests on castings were lacking. Taylor® stated 
that the pH value could be used to control sand 
properties but gave no reference to the properties 
desired or the method to be used. 

In view of this lack of information, a critical review 
of the literature on clays was made and the decision 
to add soda ash, the commercial grade of sodium 





Fig. 1—Drag scabs and rough finish at parting line re- 
sulting from sand brittleness. 
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Fig. 2—Steel test castings made in black facing sand. pH 
values range from 5.5-9.9 (left to right). For other prop- 
erties, see Table 1. 





Fig. 3—Center castings, best of the four, were made in 
sand of pH 10.2 and 10.4. No. 1 had pH 8.5, No. 4 was 
made in sand containing commercial sand conditioner. 


carbonate, to the sand was reached. Trouble disap- 
peared with the first addition; once again Unitcast was 
off the merry-go-round. 

Wishing this ride to be the last, a program for 
further work was established. A series of test castings 
was made from black facing sand to determine if there 
was an optimum addition. This black sand, from 
the system, had a pH of 7.9 due to the soda ash ad- 
ditions. Two batches were lowered to 5.5 and 6.6 
by the addition of acetic acid and two were raised 
to 9.5 and 9.9 by further additions of soda ash. Test 
castings of Grade 2 steel are shown in Fig. 2 and the 
laboratory results are given in Table 1. The test results 
indicated that pH values considerably higher or lower 
than 7.9 were detrimental to this particular sand mix. 
A temporary range of 7.8 to 8.3 was established for all 
black facing. 

As it was not known how far this treatment of clay 
could be stretched, caution dictated that no more 
acid bentonite be used. A procedure was established 
under which all cars of bentonite are sampled ac- 
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cording to a pattern and the pH values analyzed for 
statistical significance. Since the start of this sampling, 
no further shipments of acid bentonite have been 
received. 


No Standard Adopted 


No standard practice for the addition of soda ash 
to new sand facing was adopted pending investigation. 


The pH of this facing paralleled that of the bentonite - 


usually being about 0.1 pH value lower. The first series 
of four castings was made from 3 per cent bentonite, 
0.75 per cent cereal, and 3 per cent water. A sieve 
analysis typical of the sand used is given in Table 2. 

The first casting was from the untreated mix, pH 
8.5, the second and third from mixes treated with high 
soda ash additions to give pH values of 10.2 and 
10.4 respectively; and the fourth mix was treated 
with a commercial sand conditioner. Mixes two and 
three were free from any tendency to lump and were 
more resistant to erosion. No cope scabs occurred in 
any mix (Fig. 3). 

In the second series, the cereal was reduced to 0.25 
per cent and the moisture addition to 2.5 per cent. 
Varying amounts of citric acid or soda ash were added 
to vary the pH value of the sand mixture (Table 3). 
The results show a trend toward improved castings 
at higher pH values (Fig. 4). Again, no cope scabs 
occurred. Extra low values were then obtained by 
adding acetic acid (Table 3). Casting quality de- 
creased as the sand mixtures were made more acid 
(Fig. 5). With the exception of the lowest pH value, no 
particularly bad scabbing was encountered. 

Bond additions were lowered to produce scabs. With 
2.5 per cent bentonite, no cereal, considerable erosion 
was encountered at low pH values (Table 4, Fig. 6). 
At high pH values (Table 4, Fig. 7) the sand packed 
to such high density that cutting the sprue and pop- 
off disturbed sand some distance away (Fig. 8). It was 
necessary to patch two molds and these two scabbed 
at the patch. However, little erosion occurred. The 
holes in the drag side were caused by the falling scabs. 


Further Experiments 

This experiment was repeated with 5.0 per cent 
fireclay with similar results. Here the pH level at 
which good castings were produced was somewhat 
lower (Table 5, Fig. 9). In none of these tests had 
the usual green strength properties showed any signifi- 
cant trend. Without pH measurement, interpretation 
of the results would have been most difficult. 

Two series of gray iron castings were then made at 
Alloy Founders, Inc. A test casting previously used 
in the study of molding materials was chosen. The 
regular facing in use at the foundry was taken for 
the first test. As used in the foundry, the new sand 


TABLE 1—Properties of Black System Sand 





Green Air Dry, Green 12-hr. Hot Compressive Strength psi 





i: 2 - 2 (a 








Spec. H.0, Comp. 12-hr., Shear Shear 
MIXTURE pH Wt.,g % Perm. St., psi St, psi St, psi St., psi _ 600F _1000F —1400F 1800F 
Regular Black Facing. 3.39). 34 100. 122 27 33 62 We -oF 119 «688 
PROCEDURE 6.6 159 3.4 185 ¥z.1 73 3.2 51 105 80 138 400 
Add soda ash, mull 3 minutes, take 7.9 159 3.4 180 11.6 54 3.3 46 80 63 88 330 
physical tests, make test molds. Jolt 9.5 159 3.4 180 11.1 44 3.2 37 85 68 95 235 
drag 10 times, cope 1. 9.9 159 3.5 170 10.4 38 3.1 36 88 80 110 §=©435 
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Fig. 4—Casting finish improved from 

left to right as pH of new facing sand 

increased. No cope scabs occurred 

in the series. See Table 3 for sand 
properties. 


TABLE 2—Typical Screen Analysis 
Ottawa Sand, Washed and Dried 





Screen Per Cent 
No. Retained 
30 0.04 
40 0.36 
50 25.00 
70 37.23 
100 22.68 
140 12.00 
200 1.89 
270 0.27 
Pan 0.14 


AFS Grain Fineness No. —= 60 6 





added to heap sand for additional bond did not mix 
in well and numerous small clay balls were present 
despite mulling and aerating. Batches of 15 pounds 
each were mulled with various soda ash additions. 
Drags were jolted ten times and finished off with a 
hand rammer. Figure 10 shows that the facing as 
used in the shop gave good results. The extra mulling 
and the additions of soda ash raised the green strength 
to the point where the sand lumped and gave many 
supervoids. Scabs occurred up to a pH of 7.2. The 
castings at pH values of 8.2 and 8.5 were scab-free but 
the rough finish remained. 


Fig. 5—Cope .(upper) and drag 
(lower) sides of test castings made 
in an increasingly (left to right) acid 
sand. Casting at right (pH 4.6) 
scabbed badly. See Table 3. 
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For the second series, the opposite extreme was 
chosen; the test castings were made from heap sand 
and no bond additions were made (Table 6, Fig. 11). 
This time the drags were jolted 25 times to insure 
dense packing at the pattern face. As the pH was 
raised, scabbing passed through a minimum. At the 
higher pH values the sand packed to a higher density 
and the bond content was insufficient to prevent 
scabbing. 

It has been demonstrated that casting quality is 
greatly dependent on some property of a sand mixture 
that may be changed by chemical additions and con- 
trolled through the use of pH measurement. An ex- 
planation of this phenomenon necessarily brings up 
some concepts new to many foundrymen. Discussion 
of these follows this outline: 

1. The Importance of Small Particles. 

2. The Meaning and Use of the pH Value. 

3. The Effect of Chemicals on Clay. 

4. A Practical Approach to Your Molding Sand. 

Importance of Small Particles. Molding sands must 
be considered as a mixture of small particles—sand 
grains, and colloidal bonding materials. Sand is a 
particle size classification of non-metallic minerals 
of approximately 0.002 to 0.13 in. (50 to 3360 microns) 
in diameter. The term colloid applies to the particle 
size classification of materials of approximately one 














pH VaLuE oF MOLpING SANDS 








396 
TABLE 3—Effect of pH on New Sand Facing Containing Bentonite and Cereal 

Green 
Casting Addition pH Spec. H.0, Comp. 
MIXTURE No. Chemical Amouni Evening Morning Wt.g % Perm. St., ps 
4800 g Sand 1 10% Citric Acid 15 ml 5.5 6.1 164 170 1.8 
144 g Western Bentonite 2 None 8.4 8.0 164 2.0 180 2.2 
12 g Cereal 3 Soda Ash 0.259 89 8.1 164 195 1.7 
120 ml Distilled Water (reduced by 4 Soda Ash 125g 9.4 9.3 164 1.8 200 1.8 
volume of acid added) 5 Soda Ash 2.50g 9.4 9.7 164 195 2.1 
PROCEDURE 6 Soda Ash 4.389 9.4 9.9 164 1.8 180 1.8 
Mull one minute dry, six minutes wet, 05 10% Acetic Acid 3 ml 7.5 7.3 162 1.7 190 2.0 
measure pH value ‘ios overnight, 10 10% Acetic Acid 10 ml 5.7 $.5 162 1.7 190 2.0 
measure pH value, make physical 20 10% Acetic Acid 20 ml 4.6 5.0 162 200 1.9 
\ 40 10% Acetic Acid 40 ml 4.4 4.6 162 1.7 190 2.0 


tests, make test molds. Jolt drag 10 


times, cope 1 and squeeze. Note: Castings 05 through 40 cast in separate heat. 





TABLE 4—Effect of pH on New Sand Facing—No Cereal 











1 10% Acetic Acid 30 ml 46 4.4 163.5 1.4 220 1.2 
2 10% Acetic Acid 20 ml 49 4.6 163.5 250 1.3 
MIXTURE 3 10% AceticAcid 7.5ml 6.1 6.0 163 1.2 220 1.1 
4800 g Sand 4 10% Acetic Acid 4ml 7.1 7.2 163 245 1.0 
120 g Western Bentonite 5 None 8.4 8.2 163 225 1.1 
100 ml Distilled Water (reduced by é} Soda Ash lg 9.7 9.5 163 240 1.2 
volume of acid added) 7 Soda Ash 5g 10.0 99 163 1.0 230 1.1 
PROCEDURE 8 Soda Ash 10g 10.0 10.1 163 220 1.2 
ceed it Os Dakin %. 9 Soda Ash 25g 10.1 10.35 163 1.1 215 1.3 

Note: Castings 6 through 9 cast in separate heat. 

TABLE 5—Effect of pH on New Sand Facing—Fireclay 

00 Acetic acid 3 ml 4.4 3.8 167 170 1.0 
0 None 9 4.0 167 1.7 180 1.1 
Beer Seg 2 Soda Ash 0.489 52 50 £167 190 1.0 
240 9 Fire 3 Soda Ash 0.96g 6.3 6.0 167 1.7 160 1.0 
pie pe ie 4 Soda Ash 144g 7.46 6.7 167 0 170 1.1 
144 mil Distilled Water (reduced by = =5 = Soda Ash ae 66 - 28. - oe! eae as 
volume of acid added) 6 Soda Ash 2406 86 75 £42167 200 «0.9 
PROCEDURE 7 Soda Ash 6.00g 9.6 9.3 167 1.7 150 1.0 
Same cs in Table 3. 8 Soda Ash 18.00g_ 10.1 9.8 167 180 0.9 








between and life as it is now known would cease. 
Knowing that the high and low spots on a sand grain 
may easily represent 25 per cent of the grain’s diameter, 
can foundrymen ignore the possible results of such 


fifty-thousandth to one twenty-five-millionth in. (0.5 
to 0.001 microns) in diameter. These particles may 
be animal, vegetable, or mineral; small perhaps, but 
only relatively so. Consider these dimensions in rela- 





tion to the earth. 

The mountain and ocean floors of the earth repre- 
sent maximum variations of about 0.25 per cent of the 
earth’s diameter. Without them the earth’s surface 
would be ice capped at the poles with a shallow sea 





variation? 

The planet Earth is considered a significant part 
of the universe, yet, taking diameters as a measure 
of size, the smallest particle large enough to be con- 
sidered colloidal is about two dozen times as large, 


Fig. 6—Cope (upper) and drag 

(lower) sides of castings made in 

new facing without cereal. pH ranges 

(left to right) from 4.4-8.2. Refer 
to Table 4 for further data. 
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Fig. 7—New bentonite sand facing 

without cereal, pH 9.5-10.35, left to 

right, produced these test castings 

which scabbed badly. Refer to 
Table 4. 


in relation to the earth, as is the earth in relation to 
the universe. Truly the smallness is only relative. 
Those who have an everyday interest in the position 
of sand grains as bonded by colloidal materials cannot 
escape the importance of their peculiar behavior. 
Happenings so slight as to be ignored may be of pro- 
found significance to such particles. 

For the foundryman, the most important colloid is 
clay. Other industries using far more clay than the 
foundry industry have long known that the ions at- 
tached to clay particles and the soluble salts found 
with them greatly affect the behavior of clay. Foundry- 
men have also known this as is witnessed by their dif- 
ferentiation between sodium (western) and calcium 
(southern) bentonite. However, other industries have 
gone one step further by adding chemicals to offset 
any change in clay due to process conditions, or even 
to change the behavior of the clay to gain some desir- 
able feature. 


Need for Additional Control 


The foundryman realizes the need for some ad- 
ditional control to produce better castings with im- 
proved surface finish, and a relative freedom from 
scrap and extra work due to molding sand. This con- 
trol can be had to a great degree by exercising care 
in the selection and treatment of those very small 
particles, the colloid binders in molding sand mixtures. 

The foundryman makes a choice in the chemicals 
associated with his clay when he decides which clay 
to use; there are some soluble salts with this clay which 
give it properties desirable in his use. He then must 
be interested in improving or at least maintaining 
these properties throughout the life of the clay. To do 
this it is imperative that he be able to determine the 
kind and amount of chemicals associated with the clay, 
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Fig. 8—High-pH facing containing bentonite but no cereal 
rammed to high density, resulting in a mold surface that 
was easily displaced. 


or sand mixture, at any stage of its life. For clays or 
molding sand mixtures analysis for these chemicals 
is a tedious process not adapted to routine control. 
There is, however, a backdoor approach through the 
use of pH value. 

Meaning and Use of pH. Some molecules of water 
break apart (ionize) according to the relation: 
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TABLE 6—Effect of Soda Ash on Heap Sand 
pH Green 
Casting After Chemical Spec. ‘O'H Comp. 

MIXTURE __No. _Mulling Addition = Wg Perm. Stpsi_ 
Heap Sand. 0 Sand from heat, not mulled or tested. 

PROCEDURE 1 7.0 None 175 8.0 40 5.0 
Mull 15-lb batches (except as noted) 3 2 7.6 Soda Ash 177 8.2 30 $3 
minutes each, test, store overnight, make 3 7.8 Soda Ash 177 8.1 40 5.6 
test molds. Jolt drag 25 times and finish off 4 8.1 Soda Ash 175 8.0 35 6.9 
with butt ramme, Butt rom cope. 5 8.8 Soda Ash 175 8.2 40 6.5 





Activity as used in this paper, means that the solu- 
tion acts as if a given concentration of hydrogen ions 
were present. In a strict definition, it is the product of 
the concentration and the average effectiveness (called 
the activity coefficient). Thus, 


Au = Cu 4 fu 


In this formula, Au = H+ Activity; Ca = H+ Con- 
centration; and fx = H+ Activity Coefficient. 

How does one measure hydrogen ion activity? It is 
known that hydrogen ions carry a positive charge and 
go to the cathode of a wet cell battery. Suppose a wet 
cell battery is constructed with one of the electrodes 
shielded by a glass membrane that allows only the 
transfer of hydrogen ions. Then hydrogen ions will 
be the only positive ions (cations) that participate in 
creating a voltage across the cell. If the characteristics 
of the electrodes are known, this voltage can be used 
to define the activity of all the hydrogen ions in the 
cell fluid (the electrolyte). 





Fig. 9—Castings (cope, above; drag, right below) made 

in new facing containing fireclay (no bentonite or cere- 

al) look similar to those in Figs. 7 and 8, but good cast- 
ings were produced at lower pH. See Table 5. 


Water (H,O) —— Hydrogen ion (H*) + 
Hydroxyl ion (OH-) 


It is obvious that when only water is present there 
must be an equal number of hydrogen and hydroxyl 
ions. All substances that dissolve in water also ionize 
to same degree and the presence of these new ions 
upsets the equal ratio of the hydrogen and hydroxy] 
ions. If this new balance favors hydrogen ions the solu- 
tion is acid, the more hydrogen ions the stronger the 
acid. Conversely, if the hydrogen ions are suppressed, 
the solution becomes basic. 

For determining the amount of chemicals present 
in a solution, the following reasoning is used: 

1. The activity of hydrogen ions (H+) in a solution 
can be measured. 

2. The activity of hydrogen ions is greatly affected 
by the presence of other ions in the solution. 

3. The degree of this effect depends upon both the 
kind and amount of these other ions. 

4. Therefore, if it is known what ions—other than 
hydrogen ions—are present in the clay as purchased, 
and what ions may be introduced by use of the clay, 
it is possible to estimate their amount from their effect 
on the activity of the hydrogen ions. 
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Fig. 11—Another gray iron series with scabbing reaching minimum at intermediate pH value. Refer Table 6. 


The pH meter is constructed so that electrodes 
furnished with the instrument can be lowered into a 
clay-water or molding sand-water mixture, and, by 
using this mixture as the electrolyte, determine the 
activity of all the hydrogen ions associated with the 
clay or molding sand mixture merely by operating the 
dials. 

The meaning of pH is: 

pH = log An = — log (Cu x fu) 

It is interesting to remember that because a logarithm 
is in the defining equation, a change in the pH value 
of one unit, say, from seven for pure water to six for a 
weak acid, means a tenfold increase in hydrogen ion 
activity of the solution. The use of pH lies in the 
correlation of its measurement with the kind and 
amount of other ions in the electrolyte. This may be 
done in the laboratory or in the foundry. 

Effect of Chemicals on Clay. One property of clay 
is its ability to stay in suspension in water and to form 
a more or less viscous slurry. Such slurries may be used 
to show that chemicals do affect clay properties. Fig- 
ure 12 shows the Stormer instrument for measuring 
the viscosities of such slurries. The water clay mixture 
is placed in the cup, the cup is raised, and a cylinder 
is made to rotate in the slurry by the force of a falling 
weight. Larger weights cause the cylinder to rotate 
faster. A definite procedure must be established for 
these experiments to attain reproductibility. A pro- 
cedure was established but is not described since the 
data presented are used only to show trends. 

A plot of the revolutions per minute versus the 
driving weight gives a consistency curve that is a 
straight line for all but the lowest and very highest 
rpm. By extending the straight line portion of the 
consistency curve to the horizontal axis, the yield value 
is obtained. The true units are dynes per square cen- 
timeter but the area of the cup and cylinder are con- 


stant so only the driving weight will be considered in 
this paper. This yield force is the portion of the total 
driving force necessary to initiate plastic flow. 

The reciprocal of the slope of the straight line 
portion of the curve indicates the (coefficient of) 
plastic viscosity. Mathematically, this is defined as: 


uy F —f 

dv/dr 
where U coefficient of plastic viscosity; F shear- 
ing force, dynes per square centimeter; f yield 
value, dynes per square centimeter; and dv/dr = unit 


rate of shear. 


Horizontal Line Shows Viscosity 


In visual examination of the plots it is handy to 
remember that the closer the line approaches the hori- 
zontal position, the more viscous is the slurry. From 
such visual examination it may be observed that at 
lower pH values the yield values and viscosities are 
low. When the pH is raised by the addition of certain 
chemicals, both the viscosity and yield value increase 
to a maximum and then decrease with further addi- 
tions. (Fig. 13 and 14). Figures 15 and 16 show this 
graphically. It may be seen that for the bentonite 
slurry, different basic chemicals with the same cation, 
sodium, change the pH value at which maximum vis- 
cosity and yield values occur. Also, the pH value for 
the maximum viscosities and yield values differ for the 
two clays using the same chemical, soda ash. 

Those who wish to investigate the properties of 
slurries without purchasing a viscosimeter may follow 
the instructions in Fig. 17. The siphoning time gives 
some indication of the viscosity and the suspension of 
the sand reflects yield strength. A comparison of these 
curves with the experimental castings indicates that 
best results are attained at pH values that are at least 
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Fig. 12—Test instrument for measuring viscosity of 
clay slurries is powered by falling weight. 
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Fig. 13—-Consistency of curves of 10 per cent bentonite 
slurries at various pH values, altered from initial pH 
of 8.5 by chemical additions. 


high enough to reach the “plateau” area of the curves. 
This apparent correlation immediately raises two 
questions: 

1. What is this effect of chemicals on clays that 
changes the behavior of slurries and molding sand 
mixtures? 

2. Is it possible to correlate the behavior of clay 
in a slurry with clay in the sand mixture? 

Diran and Taylor® have directed attention to the 
necessity for considering the fundamental forces bond- 
ing clay particles and for considering that the cations 
associated with the clay greatly affect these forces. 
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In their discussion only the difference in the effect 
of the various cations was considered and this effect 
was assumed to be due solely to the degree of hydra- 
tion and the resultant net attraction forces between 
micelles. The clay particle and its surrounding water 
hull is called a micelle. 


Kaolin-Water Measurements 


This assumption was based on the work of Johnson 
and Norton® in which conclusions were drawn from 
“apparent viscosity” measurements of purified kaolin- 
water systems. Neither true viscosity nor plastic vis- 
cosity were measured as single point measurements 
were used. Green? has since pointed out the danger 
of studying systems having yield strengths by any 
methods other than microscopic examination and 
the consistency curve. The original explanation may 
now be expanded. 

Grim® cites the work of van Olphen, Mering, and 
others showing that electron micrographs of mont- 
morillonite prepared from sodium suspensions differ 
from those prepared from calcium suspensions. So- 
dium ions promote edge-to-edge bonding while cal- 
cium ions promote bonding between basal planes. 
At calcium ion concentrations below the exchange 
capacity of the clay, the relative strength between the 
two types of bonding so changes that aggregates have 
less tendency to form one flake on top the other and 
instead grow laterally. Not only distance between 
particles is changed; the geometry also changes. In 
commenting on their findings, Grim concludes in 
part: 

“From the point of view of soil mechanics, this 
would be of tremendous importance, for it means 
that a very small amount of replacement of sodium 
ion by calcium ion, or vice versa, could cause a great 
shift of particle bond with a great change in physical 
properties.” 

Molding operations fall well within the scope of 
soil mechanics. 

The degree of hydration, or swelling, that occurs 
is of importance. Clay mineralogists* agree that the 
initial absorbed water is not liquid water. The water 
molecules are so oriented as to act in many respects 
as if they were part of the clay particle. Naturally, 
molecules farther away are less tightly held. As the 
water content of a mixture is increased, it becomes 
difficult to tell just when to consider a molecule as 
oriented or not. Fortunately, the foundryman need 
not worry over such technicalities. It is sufficient to 
know that in molding sand mixtures all, or very 
nearly all, of the water is non-liquid. This means 
that conclusions drawn from a study of slurries where 
free water is present must be handled cautiously in 
their application to sand mixtures. 


Simplified Explanation 


Pending further study, a simplified explanation of 
the effect of chemicals on molding sands will be re- 
stricted as follows: The ions present, both cations 
and anions, influence the bonding action of clays by 
changing the degree of hydration, the strength of 
the bond, and the geometrical orientation of the clay 
particles. The direct effect is one of determining green 
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Fig. 14—Consistency of 40 per cent fireclay slurries 
as influenced by pH. Initial pH of mixture was 4.0. 
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Fig. 15—Rise and fall of viscosity, as pH increases in 
fireclay and bentonite slurries. 


and dry strength. The indirect, but equally important, 
effect is that of aiding or preventing the attainment 
of a thorough covering of the sand grains with a film 
of r niform thickness. At elevated temperatures, where 
the ionic bonding forces are destroyed, a film of uni- 
form thickness will give the most effective viscous 
bond at the lowest temperature consistent with the 
particle size and composition of the clay. The im- 
portance of such bonding has been established.® 

Practical Approach to Molding Sand. While the data 
has been restricted primarily to work with steel cast- 
ings, experience with other foundries has proved pH 
control of chemical additions to be applicable to 
all sand casting production. In fact, any industry 
using colloidal materials in contact with water must 
consider this to secure optimum technical and eco- 
nomical results. 

There is no escape. Every sand foundryman from 
time immemorial has, in some manner or another, 
either practiced such control or used special materials 
and/or special molding and casting practices to make 
up for the lack of control. Because every foundryman 
has engaged in such endeavor, it was inevitable that a 
great difference in practices arise from shop to shop. 
These variations exist today and prohibit any rigid 
“add this” or “do that” to get best results in every 
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shop. The only practical procedure for optimum 
results is a complete re-evaluation. 

As the first step in an approach to molding sand, 
consider the influence of materials on the sand mix- 
ture: 

1. Clays differ as to initial chemical content, the 
requirement for, and sensitivity to, chemical control. 
They differ according to type, from pit to pit for the 
same general type, and even within a given pit. . 

2. Cereal binders are also colloids and sensitivity 
to control changes with the manufacturing process. 
Cereals exert the additional influence of themselves 
affecting the pH of a sand mixture. 

3. Water differs in the soluble mineral or chemical 
content. 

4. Some organic chemicals found in certain “sand 
conditioners” give ions or molecules so large that 
bonding sites on the clay may be covered and ren- 
dered unavailable for ion exchange and bonding. 

5. Wetting agents may be affected by or themselves 
affect the performance of other chemicals. 

6. Mold washes may have been chemically treated 
by the manufacturer. 


Operational Factors 


Additional factors determined by the operating 
conditions and practices in any given shop that ap- 
ply primarily to treatment of used sand include: 

1. The pH of a sand mixture changes at a rate 
greatly determined by the decomposition of the or- 
ganic material. 

2. Where there has been no control, clay efficiency 
has been low. Increased efficiency may require iower- 
ing of clay additions. 

3. Lack of conscious control may have brought 
about the use of additions that do affect pH. A found- 
ry may now be practicing pH control without know- 
ing it. This can occur either through the use of 
commercial additives or the use of western bentonite 
in sands bonded primarily with other clays. 

4. The need of stabilizers and cushioning agents 
used to control mold density may change. 

In view of the number of variables, first experi- 
mentation should be limited to simple mixtures. 
No preconceived ideas about how a sand should 
feel, or what laboratory properties it should have, 
can be allowed to influence the selection of mixtures. 
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Fig. 16—Yield strength of fireclay and bentonite slur- 
ries increase, then fall off as pH increases. 
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Fig. 17—-Simple viscosity test (left), and plot of test 
results (right). 





Fig. 19—Battery-operated research pH meter used at 
Unitcast Corp. laboratories. 
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Fig. 20—Effect of soda ash on pH of bentonite and fire- 
clay-bonded sand mixture. 
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Fig. 18—Portable line-operated pH meter used by author. 


Molding procedures must be closely supervised or 
the molder will adjust his practice to the feel of the 
sand. With these precepts firmly in mind, the follow- 
ing procedure will allow evaluation of the benefits 
to be derived from pH control: 

1. Select a means for pH measurement. Instruments 
used at Unitcast are shown in Fig. 18 and 19. 

2. Check the pH value of the clay or molding sand 
mixture at different concentrations until a point is 
found where pH changes little with a slight change 
in concentration. Ten per cent bentonite slurries, 
40 per cent fire clay slurries, and 50 per cent bento- 
nite-sand and water mixtures were used in this paper. 

3. From data on slurries or molding sand and 
water mixtures, construct a pH versus per cent chem- 
ical curve as shown in Fig. 20. Measure the pH just 
after mixing and at intervals of several hours. This 
will give some idea of the amount of chemical to add 
to a sand mixture and the length of time needed for 
reaction. Total reaction is not needed to obtain a 
considerable change in properties. 

4. Use a series of sand mixtures low in bond con- 
tent and at different pH values. 

5. Measure and record laboratory properties if 
equipment is available. 

6. Make castings at various pH values from a pat- 
tern most susceptible to erosion and scabbing. Keep 
these castings for comparison with later series of 
higher bond contents. 

7. Select the best sand mixture by examining the 
castings. Laboratory controls for sand properties may 
be established from the properties of this mixture. 
The only purpose of these laboratory controls is to 
help to reproduce the mixture that gave good castings. 

This procedure will allow temporary attainment 
of good results. For permanent results it is necessary 
to consider the effect of this change in practice on 
the bulk of the sand in the shop. Sand not treated 
will change in pH value as treated sand is mixed in. 
Reused sands normally take smaller additions than 
were first made. Procedure at Unitcast required pH 
measurements on reused sand before mixing, clay 
pH, and the pH after mulling for each load. A few days 
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experience allowed the reduction of measurements to 
several a day requiring but about 15 minutes time 
overall. 

One point remains and it is far from the least: 
The best pH level for the colloid binders may be 
used and poor castings may still be produced. Even 
the highest clay efficiency cannot compensate for too 
little bond, a poor sand distribution, loose molding 
practice, or faulty gating. 

There is no escape from this phenomenon of na- 
ture. A thoughtful approach carefully supervised will 
allow its use to bring about the most economical 
production of high quality castings. 


Conclusions 


1. Molding sand mixtures are made up of small 
particles—sand grains and colloidal materials. Con- 
sideration of the special properties of small particles 
is requisite to sand control. 

2. Clay is colloidal and chemicals may be used to 
control its behavior by changing the degree of swell- 
ing, the type and strength of bond formed, and the 
distribution of the clay. 

3. The use of pH measurements to control chemical 
additions is an economical means for minimizing vari- 
ations in sand performance and attaining a high level 
of casting quality. 

4. No high degree of skill is required and no special 
equipment, other than a means for pH measurement, 
is necessary. 

5. The effect of chemicals on colloids is a natural 
phenomenon and foundrymen should put it to use 
rather than suffer from it. 
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E. C. ZUPANN (Written Discussion):* Mr. Zang and Mr. Grott 
have certainly presented a significant paper showing a great 
amount of experimental work and thoughtful discussions. I 
personally want to thank them for its help to me. 

It is gratifying to see a paper that devotes part of its time 
to system sands. One of our greatest falacies in experimenting 
with molding sand is: that by using all new ingredients, we 
think we are going back to fundamentals. It has been the ex- 
perience of many foundries that some defects develop after 
the sand has been used several times, sometimes only after 
weeks of use. The products of the decomposition of clay, sea 
coal, flour, yes, and of water too, may be more important than 
their active counterparts. This paper gives us a new approach 
to the problem. 

As a result of the preprint of this paper, we at The Oliver 
Corp. of South Bend did some checking of our system sands. 
We found the following puzzling results: 


System I1—Southern bentonite pH 7.2 
System 2—Southern bentonite pH 7.0 
System 3—Southern bentonite pH 7.1 


System 4—14 southern bentonite 14 western bentonite pH 8.5 
System 5—1l4 southern bentonite 14 western bentonite pH 6.8 
City water pH 7.6 

Based on this paper, we might assume that all systems were 
satisfactory except no. 5. This was correct to a gross degree. 
As the authors had predicted, the addition of soda ash rectified 
the situation. The pH was changed from 6.8 to 8.8. The gritty 
feel characteristic of corn flour treated sands was replaced by 
a velvety feel. The scab type defects vanished. We now had a 
sand with good feeling and action. The change in pH had 
almost no effect on the room temperature test results. 

Why the difference between systems four and five when the 
materials used were almost the same? Both systems were kept 
in the same condition with almost identical room temperature 
properties. System four, however, overflows with sand due to 
core breakdown, while system five receives no core sand. To 
compensate for the lack of core sand, system five is fed two tons 
of new sand each day. The big difference lies in the amount of 
new sand each system receives. System four overflows six to 
eight tons each day. System five has no overflow except that 
which sticks to the castings. 

Continuous systems with their continuous additions, continu- 
ous decomposition, continuous dust collection, etc., are a prob- 
lem in balance. Many people will glibly say that no new sand 
need be added to such a unit. In the example shown, we find 
that new sand, either through cores or direct additions, is a 
major factor. 

Our supplemental conclusion is that the authors have given 
us a method of determining the need for new sand in a system. 
This is especially important for those who do not want to add 
new chemicals to their sand. 

Finally, a question must be answered by future investiga- 
tions: how much chemical can be substituted for new sand 
additions? 


1 Foundry Engineer, The Oliver Corp., South Bend, Ind. 
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STRENGTH OF WHITE IRONS IN THE 
TEMPERATURE RANGE OF HOT TEARING 


J. P. Frenck* and R. W. Heine** 


ABSTRACT 
Tensile strength of white irons studied varies from nothing 
to several hundred pounds at temperatures of 2030-2200 F; con- 
traction of a few thousandths of an inch can cause complete 


tearing. 


@ In studying the hot tearing of castings, the strength 
of the metal at temperatures in the temperature range 
of tearing is a matter of fundamental importance. 
This paper presents some data on the tensile strength 
of white irons at temperatures where hot tearing is 
most likely to occur in castings. 

Strength in Liquids-Solidus Range. During the first 
stage of their solidification process, white irons consist 
of a mixture of very strong dentrites of austenite, and 
molten metal. Depending on carbon and silicon con- 
tent of the iron, about 50-90 per cent of the iron 
is frozen as austenite of high strength before the 
eutectic begins to freeze. The extent of this dendritic 
primary austenite in occupying a major portion of 
the mass and structure of the iron is illustrated in 
Fig. 1. It is necessary to know whether the mixture 
of austenite and liquid has appreciable strength above 
the solidus temperature, the temperature where all 
freezing is completed on cooling. Tensile strength 
of white iron in the liquidus-solidus temperature range 
was therefore studied. 

High temperature properties can be studied by 
different methods. Tensile tests might be run at ap- 
propriate temperatures on bars cooled from the liquid 
state. Or, white iron bars could be heated to a tem- 
perature between the liquidus and solidus and ruptured 
in tension. Still another method consists of heating 
white iron bars under a constant load until a tempera- 


*Graduate Student and **Associate Professor of Metallurgical 
Engineering, University of Wisconsin, Madison, Wis. 
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ture is reached which results in fracture. The latter 
method was employed because of the simpler labo- 
ratory techniques involved. 

Commercial white iron tensile test bars of. 0.625-in. 
diameter were heated while under tensile load in a 
tubular globar furnace. Method of loading and me- 
chanical set-up are shown in Fig. 2. The furnace was 
sealed to prevent oxidation. A chromel-alumel ther- 
mocouple was attached to the surface of the test bar 
and protected from radiant energy temperature 


measurement errors by covering it with refractory 
cement. The furnace and test bar were allowed to 





Fig. 1—Dendritic structure of white iron in 0.5U0-in. dia. 
cross-section of hot tear casting. Metal etch, 8X. 
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heat from room temperature to a temperature above 
the solidus, i.e., in the solid-liquidus melting tempera- 
ture range. 

With the bar under constant tensile load, the tem- 
perature of the furnace was increased until the bar 
fractured. A typical heating curve is shown in Fig. 3. 
The curve reveals that the eutectic melting tempera- 
ture range was substantially exceeded before the bar 
broke under a load of 10 psi. The thermocouple at- 
tached to the bar faithfully indicated the eutectic melt- 
ing temperature range. Rupture occurred with a brit- 
tle, dendritic appearing fracture. Results of the tem- 
perature of rupture as related to tensile loading are 
presented in Table | where chemical analyses of the 
bars are also reported. The white iron test bars studied 
were obtained from three different commercial found- 
ries. 

Initially, tests were performed on bars of one analy- 
sis (bars 1 through 8) to eliminate composition vari- 
ables. The bar was quenched in water directly from 
the temperature of rupture. The quenched bar was 
then examined metallographically to determine wheth- 
er liquid metal existed across the entire section of 
the bar. Figure 4 shows the typical mixture of liquid 
metal (areas showing as a white eutectic network in 
Fig. 4) and solid austenite (dark areas) which existed 
at the temperature of rupture. 

Temperature gradients across the test bar sections 
were thought to be a possible source of error in the 
load vs. temperature of rupture methods of determin- 
ing strength in the liquidus-solidus range. Accordingly 
several bars loaded in the same way were tested at dif- 
ferent heating rates to see if a possible temperature 
gradient effect could be detected. Heating rates in the 
liquidus-solidus range of 2 to 40 F per minute were 
studied. No effect of heating rate on temperature of 


TABLE 1—TEMPERATURE OF TEARING 
UNDER CONSTANT TENSILE LOAD 

















No. Metal Analysis — pa 
aes Si Mn P s Others psi F 

1 2.24 0.91 0.45 0.140 0.13 ies is 10.0 2140 

2 is 10.0 2195 

3 10.0 2205 

Ave. Bars 1-3 10.0 2180 

4 ” 20.0 2150 

5 “ 32.6 2126 

6 * 57.5 2111 

7 81.5 2063 

8 ? 118.0 2063 

9 2.48 0.97 0.34 0.135 0.12 0.10 Cu 57.5 2121 
0.01 Cr 

10 5% 57.5 2100 

Ave. Bars 9-10 57.5 2110 

Il 2.47 0.98 0.33 0.13 0.118 0.09 Cu 57.5 2106 
0.01 Cr 

12 57.5 2101 


Ave. Bars 11-12 57.5 2104 
0.086 Cu 57.5 2101 





13 2.44 0.92 0.33 0.130 0.112 








0.01 Cr 
14 ° 57.5 2101 
Ave. Bars 13-14 57.5 2101 
15 2.90 1.30 0.48 0.128 0.15 kes 60.3 2111 
16 y sata 60.3 2097 
Ave. Bars 15-16 60.3 2104 
17 2.67 1.24 0.46 0.128 0.15 outs 50.7 2111 
18 2.60 1.25 0.48 0.128 0.15 ede 50.7 2111 
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Fig. 2—Schematic diagram of experimental equipment for 
testing strength in liquidus-solidus range of white iron. 





Fig. 3—Temperature-time curve of white cast iron test 

bar heated in equipment shown in Fig. 2. Note that 

eutectic melting range is clearly exceeded before breaking 
of test bar under three-pound load. 


rupture at constant load could be found, so it was con- 
cluded that any possible temperature gradients within 
the test bars were not a significant factor influencing 
the results presented in Table 1. 

The simplest relationship existing in the data of 
Table 1 is that shown in Fig. 5. The temperature of 
rupture was first plotted as a function of the log of 
the applied tensile stress for test bars 1-8 as shown in 
Fig. 5. These bars were of one white iron analysis— 
2.24 per cent carbon, 0.91 per cent silicon. Then the 
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Fig. 4—Structure of white cast iron in test bar water- 

quenched from temperature of tearing, 2150 F. Light 

areas and network existed as molten metal at moment of 
quenching. Metal etch, 150X. 


TENSILE “8 





Fig. 5—Temperature of rupture of white iron bars under 
a constant tensile stress. 


average values for all the bars varying in carbon and 
silicon contents were added to the graph. It is evident 
from Fig. 5 that white iron has substantial tensile 
strength in the liquidus-solidus temperature range and 
that this strength increases with decreasing tem- 
perature. That the strength should increase logarith- 
mically with decreasing temperature is not unexpected 
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since calculations based on the iron-carbon diagram 
show that the percentage of solid primary austenite 
increases logarithmically with decreasing temperature 
down to the eutectic freezing range. 


Liquid Decreases Strength 


That there should be any strength whatever between 
the liquidus and solidus may be surprising. Recent work 
indicates that many alloys have no strength when the 
least bit of liquid metal is present throughout the 
microstructure. However, white iron is drastically dif- 
ferent from solid solution alloys in its freezing mechan- 
ism and the austenite dendrites formed have very 
high strength. Mechanical interlocking of dendrites 
alone, Fig. 1, could develop strength of the order meas- 
ured. Liquid film strength is another possible source of 
strength in the liquidus-solidus range. Actually, there 
is no fundamental reason why some mixtures of solids 
and liquids cannot develop strength. In view of data 
obtained and the relationship in Fig. 5, it appears 
that white irons do have definite measurable strengths 
in the liquidus-solidus temperature range, a strength 
which depends on the temperature in that range. 

Effect of Composition. Irons of several compositions 
were tested to determine the temperature of rupture 
under an applied tensile stress of 50-60 psi. Bars 9-18 
in Table 1 present these data. It was thought that 
higher carbon irons would be substantially weaker 
at 2100 F than low carbon irons. However, the data 
for bars 9-18 plotted in Fig. 5 show only slight, if any, 
effect on strength for the analysis ranges studied. The 
authors are at present unable to explain this. Perhaps 
if lower applied tensile loads had been utilized, 10-20 
psi for example, so that rupture would occur at a 
higher temperature, the effect of higher carbon and 
silicon percentage in the iron might then become 
pronounced. 

Tearing Temperature during Cooling. In conjunction 
with an AFS malleable iron research project, the 
temperature of hot tearing during freezing of a spe- 
cially loaded test bar was determined. The test bar 
referred to is shown in Fig. 6 and is one designed 
specifically for a hot tear testing method.! The bar, 
cast in core sand, is loaded in tension as it solidifies 
and contracts. The tensile stress necessary to cause 
complete tearing of the bar is determined and this 
value is used as a measure of the resistance to tear- 
ing offered by the metal. Tensile stresses required to 
cause such tearing in white irons have been found to 
be in the range of 150-600 psi, depending on analyses 
and other metallurgical factors.1- 2. 3 

The temperature of tearing of the bar at the point 
of fracture was also studied. Thermocouples inserted 
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INDICATED TEMP °F 2000 2000 2030 1970 1945 
T-6 T-4 1-5 Trl 














PER CENT SOLID 100 100 91 98 100 











DISTANCE FROM 3 1 © ry 3 
BREAKIN. 16 8 8 16 
Temperature Percentage Percentage of 
Eutectic of Solid at Eutectic 
Heat Carbon, Arrest Time of  Solidified at 
No. % Start End Tearing Time of Tearing 
T-1 2.4 2065 2030 100 100 
T-2 2.62 2050 2020 100 100 
T-4 2.45 2055 2020 91 60 
T-5 2.19 2130 1945 98 76 
T-6 2.24 2105 2010 100 100 





Fig. 7—-Temperature and percentage of liquid remaining 

at time of tearing of white iron test bar shown in Fig. 6. 

Carbon content given in diagram above. Balance of 
analysis: 1.30% Si, 0.46% Mn, 0.15% S, 0.12% P. 


in the test bar showed that tearing of the white iron 
occurred during freezing of the eutectic. The tempera- 
ture and also the percentage of solid metal at the 
time of tearing is shown in Fig. 7. The metal tem- 
perature at the point of fracture (T-4) was always in 
the elutectic freezing range when tearing occurred. 
Some typical strength values for white irons of 2.20- 
2.30 per cent carbon 1.20-1.30 per cent silicon, ob- 
tained with the hot tear testing apparatus, are plotted 
in Fig. 5 at the appropriate temperature, 2030 F. 
It can be seen that the strength values obtained with 
the hot tear testing apparatus on test pieces cooling 
from the liquid state are in the same range as those 
obtained by the dead weight tests on bars reheated 
from room temperature. 

Temperature of Hot Tearing. From the tensile data in 
Table 1 and the relationship plotted in Fig. 5, it is 
evident that white iron castings can be stressed over a 
considerable temperature range, 2200 F to about 
2020 F, when liquid metal is still present. If applied 
stresses—from mold, cores, or gating for instance— 
exceed the strength at any temperature, hot tears will 
result. Hence, the temperature of tearing may be 
anywhere in the aforementioned range, the metal 
being weakest at the highest temperatures, of course. 

However, upon cooling below the solidus tempera- 
ture, strengths much greater than shown in Table | 
or Fig. 5 are developed. These strengths exceed the 
capacity of the testing equipment and are therefore 
not considered in this paper. 


Discussion 


The factors which influence hot tearing may be 
classified in two principal groups: (1) Inherent char- 
acteristics of the metal, and (2) External factors not 
properties of the metal. 

Hot tearing factors which are inherent properties 
of the metal are: (a) Strength and ductility of the 
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metal in the hot tearing temperature range, and (b) 
Contraction of three types—liquid, liquid-solid, and 
solid contraction with decreasing temperature. 

Hot tears occur only when stresses are produced 
in the metal which exceed its strength and ability to 
deform in the hot tearing temperature range. Stresses 
which cause a hot tear arise from restraint of the 
normal contraction propensities of the metal. In order 
that stresses may be developed, the metal must have 
attained a certain amount of strength during cooling 
and some condition of restraint must be imposed. 
It is at this point that the second group of factors 
producing hot tearing comes into play—those external 
to the metal. 


External Factors 


External factors include: (a) Restraint of metal 
contraction caused by the mold or cores, (b) Restraint 
of contraction caused by the casting itself or its gating 
system, and (c) Temperature gradients or hot spots 
operating in conjunction with restraint of contrac- 
tion. These three factors are functions mainly of 
mold materials and construction, design of the cast- 
ing and its gating system, and the temperature gra- 
dients which may exist. They are all factors separate 
from the inherent characteristics of the metal. 

Metal Factors. Data in this paper show that the 
tensile strength of solid-liquid iron mixtures may 
vary from nothing to high over the temperature 
range 2200-2030 F. It is therefore evident that a tear 
may develop at any temperature in the range when 
stresses applied by external conditions exceed the 
strength at that temperature. Since such stresses are 
usually developed from restrained contraction of the 
metal, it follows that any variation in contraction 
of the iron is another exceedingly potent factor in 
influencing the tendency for tearing. 

Earlier work! has shown that there are marked 
differences in the contraction characteristics of vari- 
ous irons. At a tearing temperature of about 2030 F, 
the total amount of contraction necessary to cause 
complete tearing of the 9.625 in. long test bar of 
Fig. 6 was found to be in the range of 0.0025 to 0.0100 
in., depending on carbon content of the irons analyz- 
ing about 1.30 per cent Si, 0.45 Mn, 0.15 S, and 0.12 P. 


Contraction Rate 

At least as important as the amount of contraction 
is the rate at which this contraction develops. Rapid 
contraction favors rapid development of contraction 
stresses. As reported previously,! the rate of contrac- 
tion of the test bar of Fig. 6 was found to be markedly 
affected by carbon content of the iron as shown in 
Fig. 8. It would appear that an iron of lower con- 
traction rate would build up stresses less rapidly 
and therefore perhaps permit cooling of the iron to 
lower temperatures and greater strengths without a 
stress build-up that would cause tearing. It also ap- 
pears in Fig. 8 that white iron under load contracts 
more slowly than it does when it is free to contract 
normally. 

Contraction rate becomes especially important if 
one remembers that cores and molds require time 
for heating and collapse under the forces of the con- 
tracting castings. A good example of the importance 








408 





Fig. 8—Graph of total contraction rate of casting shown 
in Fig. 6 as a function of percentage of carbon in the iron. 
Upper curve gives effect of carbon content on contraction 
of freely contracting test bars. Lower curve gives con- 
traction rate of test bars restrained at load equivalent 
to one pound per each 0.0001 in total contraction of 
casting. Iron analysis: 1.20-1.30% Si, 0.45% Mn, 0.15% 
S, 0.12% P. 


of contraction characteristics in influencing tearing 
tendency is provided in an iron which freezes mottled 
or gray. Contraction is then greatly decreased and 
tearing does not occur.! Another good example of 
the profound influence of contraction rates is offered 
by the influence of dissolved hydrogen on tearing in 
the test piece of Fig. 6. Evolution of hydrogen during 
freezing causes a marked decrease in contraction rate 
of the iron. This is accompanied by a much higher 
strength at the tearing temperature.? 


Two Important Factors 

Hence, tearing as it occurs in castings involves 
both high-temperature strength and contraction char- 
acteristics of the metal. One must consider any par- 
ticular tearing problem in the light of both these 
important metal factors. It is therefore true that any 
testing procedure which considers only one of the 
properties is inadequate. 

External Factors. The mold, gating, and design of 
the casting itself are important factors influencing 
the generation of stresses in a freezing and contract- 
ing casting. These factors may vary so greatly that 
they may be regarded as the principal unknowns in 
hot tearing. Casting design and gating, of course, 
are peculiar to a particular casting. They therefore 
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must be treated separately for each casting when hot 
tearing is studied. The design of the mold and cores 
is therefore also peculiar to each individual casting. 
However, the materials of mold and cores may be 
common to many castings. Significantly, over the 
temperature range 2200-2030 F, the tensile strength 
of white irons in changing from zero to over 500 psi 
encompasses strengths which are of the same order 
of magnitude as the hot compressive strength of mold- 
ing and core sands. 

The time element enters this picture significantly, 
since heating of molds and cores and cooling of the 
iron to the tearing temperature must occur over a 
time interval. Cores may collapse in 30 seconds to 
eight minutes or longer, at 2000-2500 F, depending 
on ingredients of the sand. The small casting shown 
in Fig. 6 was found to require 46 to 57 seconds to 
develop measurable strength on cooling from the 
liquid state, the time interval being longer in high 
carbon irons (57 seconds for 2.61-2.70 per cent carbon 
irons of 1.30 per cent silicon’). Large castings, de- 
pending on their mass and surface area relationships, 
may require time intervals of many minutes before 
they solidify sufficiently to develop strength. 

During heating, cores may expand from zero to 
0.010 in. per inch or more before they begin to col- 
lapse. Such expansion is sufficient to rupture the 
iron if it occurs when the iron is in its low strength 
condition at temperatures in the liquidus-solidus range. 
On the other hand, if the core has been heated to 
temperatures so that its collapse has begun before 
the iron begins to freeze sufficiently to become co- 
herent, then tearing is less likely. Development of a 
tear is even less likely if the core can collapse at a 
rate equal to or exceeding the contraction rate of 
the iron, providing the core is the cause of the tear. 

Another case may be readily visualized in which 
the cores and molds play no part at all in the tearing 
problem. A spread-out casting having a hot spot at 
one place on its periphery could be an example. 
Contraction of the casting periphery causing a pull 
on the hot spot would produce a tear even with the 
weakest core or molding sand. In this case, the cast- 
ing design may overshadow any effects of mold 
materials, metal analysis, or melting practice. 

Extensive discussion of mold, core, and casting 
factors influencing hot tearing of white iron is not 
the intended purpose of this paper. However, the 
authors desire to caution against any over-simplified 
interpretation of the data in Table 1 and Fig. 5 or 
simplified application to hot tearing problems in 
castings. The foregoing discussion section emphasizes 
the many factors which may need to be considered 
in analyzing hot tearing in practical casting. 
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DISCUSSION 


Chairman: W. A. KenNnepy, Grinnell Co., Inc., Providence, 
R. 1. 

Co-Chairman and Secretary: G. B. MANNWEILER, Eastern Malle- 
able Iron Co., Naugatuck, Conn. 

E. A. Lorta (Written Discussion):* The authors are to be 
complimented for making a good start on a difficult problem. 
They recognize at the outset that hot tearing tendency may be 
studied by different methods. The first procedure of making 
reheat tensile loading tests tells only what happens under those 
conditions and evaluates properties by a conventional indirect 
test rather than by directly duplicating the conditions of serv- 
ice. Tests run at appropriate temperatures on bars cooled from 
the liquid state, exemplified in a way by their second test pro- 
cedure, appear to follow the actual conditions in directly cooled 
castings. 

The importance of conducting tests on the tearing tendency 
of the metal on direct cooling from the molten state is shown 
by the recent work of Rote and his coworkers* in their studies 
of the transformation characteristics on direct cooling of alloyed 
white iron. Prior to their work, studies had been confined to 
small samples removed from larger castings which had been 
allowed to cool to room temperature. 

Upon reheating for austenitization, these sections usually reach 
equilibrium, and the results secured in transformation studies 
are for rather homogeneous austenite. Actual castings are not 
normally subjected to heat treatment and the microstructure 
and tearing tendency are produced during direct continuous 
cooling. Due to the rapid rate of solidification and cooling of 
castings, the austenite never reaches equilibrium composition 
and the transformation characteristics are quite different from 
those observed in re-austenitized specimens. 

The first test method shows only that the secondary austenite 
structure, developed on reheating, or reaustenitizing, has con- 
siderable strength and this strength increases with decreasing 
temperature. From this, it is inferred that the original aus- 
tenite produced on direct cooling of the newly formed casting 
would follow a similar trend. 

Noteworthy is the fact that the different white iron structures 
(primary cementite and cell size) that must have been obtained 
for the irons of different chemical composition produced very 
little or no difference in the temperature of rupture. Also the 
higher carbon equivalent (carbon + silicon) irons did not have 
any lower rupture strength than the other irons. The writer 
can confirm the strength of austenite dendrites in semi-liquid 
or mushy steel in his own study of structure and segregation 
in killed steel ingot solidification.?* 

The effect of alloy content in stiffening the dendrites or 
crystals which bridge across the unsolidified center portion pre- 
vents the feeding of hot-top metal into the interior of the ingot. 
This results in axial or center porosity which is not an exten- 
sion of the hot-top pipe but a series of small shrinkage cavities 
which extend from an appreciable distance below the hot top 
junction to the tip of the bottom cone of solidificatin. 

The authors could discuss the effects of degree of superheat 
in pouring of the metal and the undercoolability of a particular 
composition on susceptibility to hot tearing through the mor- 
phology of the dendrites formed. In the case of steel ingots, 
the undercoolability has an important effect on the formation 
of axial porosity. The vertical cores of low alloy steel ingots 
normally comprise fine equiaxed crystals. 

The density of nucleation in this core may hamper free down- 
ward flow of liquid metal in the core so that excessive porosity 
develops. Steels of low undercoolability such as stainless steels 
have predominately long columnar crystals and large crystal 
size whereas low alloy steels with marked undercoolability form 
principally small free (equiaxed) crystals with only short 
columnar crystals. 

The second test method evaluating tearing during cooling 
is more closely akin to the nucleation, growth and impinge- 
ment of the original austenite dendrites and their effects on 
hot tearing. This method can also be used to evaluate the 
effects of pouring temperature and metal chemistry on the 
tearing tendency. Additional data provided by other investi- 
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gators of the University of Wisconsin staff* using the same 
apparatus are given in Table A: 








TABLE A 
Hot Tear 
Heat Chemical Analysis, % Pouring Strength, 
No. Cc Si Mn , S Temp, F psi 
Al 226 092 037 0.09 0.14 2650 275 
A2 222 101 O41 007 0.14 2675 250 
AS 2.28 1.02 040 0.07 0.14 2680 140- 
A4 2.24 1.07 044 0.08 0.14 2690 240 
A5 229 109 043 008 0.14 2690 215 
Bl 2.17 093 040 0.09 0.14 2840 245 
Bl 223 101 O48 009 O14 2725 170 
BS 224 104 041 009 0.14 2793 200 
B4 2.32 104 042 0.09 0.14 2780 230 
B5 2.28 1.07 O41 0.09 0.14 2810 315 





The two series of iron were taken from the same small cupola 
and subsequently adjusting the composition of the metal either 
by mixing it with an appropriate amount of steel in a 100-lb 
induction furnace (series A heats) or decarburizing it with a 
carbon dioxide atmosphere in the 100-Ilb induction furnace 
(series B heats). For a given carbon content and pouring tem- 
perature it has been found that a reducing atmosphere dur- 
ing melting will increase hot tear strength of white cast iron. 
Low pouring temperatures also tend to increase hot tear 
strength. 

Specific questions on the second test method: Have the 
authors studied the effect of pouring temperature, or the degree 
of superheat, of the molten metal on hot tearing? What effect 
would mass or section size have on the direct cooling trans- 
formation and tearing tendency? Would they comment on the 
differences in dendritic structures on pouring the irons at suc- 
cessively lower temperatures (as measured by an immersion 
pyrometer) and the correlation with the respective tearing 
strength values? 

It is worthwhile to note that tearing of the white irons 
occurred during freezing of the eutectic, or stated in other 
words, the point of fracture was always in the eutectic freezing 
range when tearing occurred. Have the authors considered the 
possible development of rapid etching techniques or magnaflux 
patterns of the material at the interstices of the dendrites on 
companion test bars not stressed to the point of rupture? In 
the case of alloy steel castings, there appears to be a cotrelation 
between pouring temperature, dendrite structure and tearing 
tendency. There, the nature of the dendrites, their size, shape 
and hence control of the lower melting segregate in between 
is one governing aspect of the hot tearing problem. 

1. F. B. Rote, G. A. Conger and K. A. DeLonge, “Isothermal 
Transformation Characteristics on Direct Cooling of Alloyed 
White Iron,” TRANsactions, American Foundrymen’s Society, 
vol. 59, pp. 509-522 (1951). 

2. E. A. Loria and R. L. Keller, “Practical Aspects of Struc- 
ture and Segregation in Killed Steel Ingot Solidification,” Blast 
Furnace and Steel Plant, vol. 42, pp. 45-51 (January 1954). 

3. E. A. Loria, “Internal Structure of Killed Steel Ingots on 
the Basis of Relative Rates of Solidification,” Blast Furnace and 
Steel Plant, vol. 39, pp. 1333-1337 (November 1951). 

4. P. C. Rosenthal, L. F. Porter, J. A. Sartell and E. A. Loria, 
Unpublished Research, University of Wisconsin (1953). 

Mk. HEINE (Authors’ Reply to Mr. Loria): The authors wish 
to thank Mr. Loria for his discussion of the paper. 

The purpose of the paper has been to show the magnitude 
of the mechanical strength which exists in white iron at 
elevated temperatures in the region between the liquidus and 
the solidus. We believe this is shown by the data. The measure- 
ments of temperature of breaking were accurate, with the 
thermocouple and the fracture being in the same location on 
most tests. We have recognized that the strength measured on 
direct cooling may be somewhat different from that measured 
in reheating tests. This has been stated in the paper. However, 
their magnitude will not be greatly different using the methods 
employed. 

I do not believe that the data can be extended in any way 
to steel because of the substantially different freezing 
mechanisms involved. 





EXPERIENCES WITH PLASTICS 
IN PATTERNMAKING PRACTICE 








@ It is the patternmaker’s responsibility to keep him- 
self informed on all new pattern methods and mate- 
rials, and to convey to the foundryman any ideas that 
may improve foundry techniques. Thus, old fashioned 
methods are the exception rather than the rule in 
pattern shops today. 

With this in mind, and with the idea of producing 
and duplicating patterns and mounting them on 
plates in the most economical manner, the author's 
company decided to look into use of plastics. Use of 
plastic materials is not new. In 1868, when the short- 
age of ivory hit the billiard ball trade, celluloid was 
born. Thrift-minded men wore shirts with detachable 
celluloid collars and cuffs which they removed at 
night and sponged clean. 

Celluloid remained the only member of the plastics 
family for 41 years. In 1909, the first heat and break- 
resistant plastic materials were discovered and prompt- 
ly became pot handles and telephone sets. This was 
the beginning of two distinct branches of the plastic 
family, the thermosetting and the thermoplastic 
branches. 

Between 1909 and 1926 two more plastic materials 
joined the growing family. One was for industrial use 
only. The other, which was made from skim milk, be- 
came buttons, buckles, beads, and knitting needles, 
and belongs to the heat-sensitive thermoplastic branch. 
From 1926 on, the plastic family began propagating 
at a great rate. New materials were born to both 
branches of the family almost every year. Recently, 
the chemical setting plastics branch has been added. 

Although plastics were used in other industrial fields 
at an early date, it wasn’t until 1940 that use for them 
was found in the pattern field in a cast form. They 
have been used since in both United States and Cana- 
da in small, medium, and large foundries and have 
proved extremely satisfactory. They have not been 


*Vice-President, Western Pattern Works, Inc., Montreal, 
Que., Canada. 
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used more extensively because there was a shortage 
of resins during the war. 


Phenol Formaldehyde Superseded 


Until recently phenol formaldehyde was widely 
used because it had impact hardness, strength, ab- 
sorbed shock, and had other desirable properties, but 
this has now been superseded to great extent by epoxy 
resins. The latter are used as laminates; they have ad- 
hesive characteristics and can bond to aluminum, iron, 
brass, or wood, one advantage over the phenol. 

Organic plastics may be divided into three general 
groups on the basis of their behaviour towards heat. 
These general divisions are thermoplastic, thermoset- 
ting, and chemical setting. Thermoplastic types re- 
main soft under heat and must be cooled before they 





Cope and drag plates for valve bonnets were duplicated 
from wood patterns which had tested for accuracy. Plastic 
was poured directly into metal frame. 
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(Left) Wood and plastic (at right in photo) boxes for 
core approximately 10 in. square and 12 in. deep. Plastic 
permitted use of minimum draft, thus eliminating loose 


will become hard or rigid. Even after cooling and 
hardening, thermoplastics may be softened and 
worked by re-heating. 

Thermosetting compositions are transformed into 
hard infusible products when properly heat treated 
or cured. They are soft or liquid when first heated, 
but rapidly assume a permanent and rigid state as 
chemical changes take place in the binder. This is 
the type of plastic used in casting patterns, because 
once set, its form is permanent and rigid; it has di- 
mensional stability, durability, and _ controllable 
shrinkage, together with other advantages. The chemi- 
cal-setting plastics are those which are set or hardened 
by the addition of a suitable chemical agent. 


Plastic Techniques 


Once a knowledge of plastic technique and han- 
dling is acquired and properly applied to pattern re- 
production, the manufacturing process is relatively 
simple. In the case of pattern duplication, a plaster 
mold is made, using the original pattern. A low-ex- 
panding, non-shrinking plaster is used. It is extremely 
impoztant that the plaster mold be clean and sharp in 
every detail, as the reproduction will only be as true 
as the mold in which it is cast. 

After the plaster has dried thoroughly, the cavity 
is coated with an acid-resistant paint. Just before pour- 
ing the plastic, wax is applied to make parting easier. 
The resin is then prepared and catalyst is added in 
proportions according to directions, depending on the 
make used and on the thickness of the casting. It has 
been found that the thicker the section, the less cata- 
lyst needed. 

After the material is thoroughly mixed, it is poured 
into the mold; rate of pouring must be slow to allow 
all air to escape. Molds are left to cure at room tem- 
perature for four or five hours, depending on the type 
of castings, and are then placed in an oven overnight 
at a temperature of 140 to 160 F. 

When the castings have been properly cured, they 
are removed from the oven. Care must be taken not 
to remove a casting from the mold before it has 
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pieces. (Right) Plastic pattern was cast in aluminum 
frame, duplicating existing loose pattern without resultant 
dimensional change. 


reached room temperature. Depending on the finish 
required, castings may be sanded with waterproof 
sandpaper or steel wool and water, which will bring 
up a high luster. 

Definite techniques produce definite results. No 
amount of written matter will teach these factors to 
anyone, for only by practical experience are these ma- 
terials handled successfully. 

Several advantages are claimed for plastic patterns. 
Drawing qualities are good because of the close-grained 
surface smoothness and because no reaction occurs 
with hot sand. Plastics are low conductors of heat, 
thus avoiding condensation on the pattern. Less vi- 
bration is required for drawing, and better molds re- 
sult from the easier draw. 

Physical properties of a cast plastic are: 

Impact Strength 1 ft Ib (ASTM Izod) 
Specific Gravity 1.3 (approx. 4 
that of aluminum) 


Flexural Strength 10,000 psi 
Water Absorption 0.4% in 24 hr 
Compressive Strength 16,000 psi 


Rockwell Hardness 115 (R scale) 
The plastic can be drilled, tapped, jig bored, sanded, 
scraped, milled, and so on. It is impervious to water, 
acid, and oils. 


Excellent Armour Coating 


The author has used a phenol formaldehyde as an 
armor coating on large wood patterns for truck and 
side frame steel castings with wonderful results. Time 
and money have been saved in minimizing repair and 
replacements due to wear from slingers. The material 
is also excellent for core boxes that are blown, making 
them smaller and easier to handle. 

The phenolic casting resin has considerable dur- 
ability, but it may chip if projections are struck with 
a metallic instrument. Such a chip may be repaired or 
a pattern change made with a patching material which 
handles like modeling clay, forms a virgin bond with 
the original pattern, and will harden in eight hours 
at room temperature or in 20 minutes under an infra- 








Plastic pattern for drier was poured directly into plastic- 
coated plywood board (above). 





Pattern for steel truck frame for diesel engine used in 
10 x 14-ft flask. Ribs were made of phenol formaldehyde 
plastic and wore little after three months’ hard use. 


red lamp. When set, the patching material may be 
worked with tools in the same way as the original 
plastic. 


Plastics Prove Flexible 


Plastics lend themselves to many fields, including 
foundry patterns, core boxes, checking fixtures, hold- 
ing fixtures, and stretch-press and hydro-press dies; 
all are dependent on the skilled master patternmaker 
and his products for the tools to make cast plastic 
duplicates. Plastics for production of patterns have as 
many applications and possibilities as wood, alumi- 
num, or any other material. In fact, plastics can be 
used even more widely than wood or aluminum; com- 
pared with wood, plastic patterns are stronger, di- 
mensionally more stable, and free from warpage. 

Considering that more than 50 per cent of the pat- 
terns in foundries today are wood patterns mounted 
on boards or metal plates, or handled as loose patterns 
in the foundry, the future for plastic patterns is bright. 


PLASTICS IN PATTERNMAKING PRACTICE 


They will continue to open great opportunities to the 
patternmaker and the foundry. The use of plastics for 
loose patterns, matchplates or cope and drag plates 
has advanced far past the experimental stage. Never- 
theless resistance against the use of plastics for patterns 
is still strong in the average patternmaker. This re- 
sistance derives from inexperience in the handling of 
plastic patterns, as well as from lack of know-how in 
producing them. 

Methods in some foundries have changed to keep 
pace with production demand. Loose wood patterns 
can no longer meet the demands of modern foundries; 
the patternmaker must therefore follow suit and pro- 
duce the necessary equipment. This production equip- 
ment can be produced in metal at high ccst, or m 
plastics, where applicable, at relatively low cost. A 
low-cost plastic production job does not necessarily 
lower the quality of the equipment. 


Superior in Aluminum 


In many cases plastics have proved to cffer better 
service and longer life than aluminum. Less scrap and 
grinding plus higher production in the foundry have 
resulted from the use of plastics for production pat- 
terns. Among the many outstanding advantages in- 
herent in the proper use of plastics are the following: 

1. Low-cost duplication of patterns through repeat- 
ed use of the plaster mold for casting plastics. 

2. Elimination of finishing requirements, because 
plastic castings are smooth and dense. 

3. Plastic castings are identical with the master pat- 
tern. 

4. Patterns can be duplicated without shrinkage 
compensation. 

5. Smooth, accurate draws are obtained with plastic 
patterns because sand does not adhere to them. 

6. Draft can be eliminated. 

7. Minimum surface wear is assured. Tests show 
wear to be less than that of aluminum. 

The first patterns mounted by Western Pattern were 
done according to the Schumacher process and were 
mounted on a plastic-coated 34-in. board. Since then 
the company has found that adding a suitable filler to 
the resin eliminates what little shrinkage there was. 
Patterns large as 24 x 60 in. have been duplicated with- 
out dimensional change. With the shrink problem 
overcome, it is possible to cast directly into a plywood 
board for short runs. Patterns mounted in accordance 
with this method have withstood the test of 10,000 or 
more molds. However, when a jolt machine is to be 
used it is necessary to mount the plastic in an alumi- 
num or cast iron frame. 

This non-shrink material is also ideal for making 
core boxes and driers. When a number of driers are 
to be made, a plastic matchplate is made up with 
masters for the driers allowing for aluminum or iron 
shrinkage, depending on what the driers are to be 
made of. The driers are cast first, then one drier 
cleaned up, and a plaster taken from it. Several plastic 
core boxes are then made. It has been found that 
making up core boxes and driers in this way has proved 
extremely satisfactory, with a minimum of labor 
being required. 

Credit is due the AFS PATTERNMAKER’s MANUAL for 
some of the above information. 




















OLIVINE-SILICA MOLDING SANDS 


By 


G. S. Schaller* and W. A. Snyder** 


@ Olivine and silica are superior refractory materials 
suitable for use in foundry molding sand. Olivine is a 
solution of forsterite (2MgO-SiO.) and fayalite 
(2FeO-SiO,) whose equilibrium system shows the fu- 


*Professor and **Assistant Professor, Mechanical Engineer- 
ing, University of Washington, Seattle, Wash. 
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Fig. 1—Drawing of sand test casting, shown in inches. 
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sion point of forsterite approximating 3470 F, while 
fayalite fuses in the vicinity of 2210 F. The tempera- 
ture at which a given olivine will begin to fuse de- 
pends upon the ratio of its two constituents. Presence 
of impurities affects its fusion point adversely. Olivine 
generally selected for foundry sand has a fusion point 
somewhat above that of pure silica. Silica, a com- 
pound, has a fixed chemical composition and in its 
pure state will fuse at about 3142 F. Impurities in 
silica also have an adverse effect on its fusion point. 


The addition of olivine to silica sand will result in a 
fusion point lower than that of silica. The reverse is 
also true. The formation of clino-enstatite (2MgSiO.) 
which begins to melt at 2840 F and softens at a lower 
temperature, can occur in olivine-silica mixtures under 
certain temperature situations. Iron present in the 
fayalite will tend to further lower this fusion point. 
These conditions indicate that contamination of olli- 
vine sand with silica or silica sand with olivine will 
lead to defective castings in a steel foundry because 
of the necessarily high pouring temperatures. 

Sissener and Langum! have stated that in the steel 
foundry, contamination of olivine sand with silica 
should be avoided. In research at the University of 
Washington, great care has always been exercised to 
prevent the contamination of olivine sands with silica. 
In fact, all silica-base sands were removed at the be- 
ginning of the olivine project. The steel foundryman 
who is interested in trying olivine on a sample basis 
is not concerned with technical aspects such as the 
fusion point of clino-enstatite; rather, he is interested 
in knowing the results of contaminating his silica sys- 
tem sand with olivine. He is also desirous of knowing if 
any olivine-silica combinations could be used satisfac- 
torily or to advantage. 

Questions concerning mixtures of olivine and silica 
have been asked repeatedly by production foundrymen. 
The usual answer has been that, because of the forma- 
tion of a low fusion point product, mixing olivine 








Fig. 2—Drag pattern for test casting. 


Fig. 3—Test casting cope rigged for molding. 


and silica should be avoided by the steel foundries, 
although this would not be detrimental to iron or 
non-ferrous operations. This viewpoint needed quali- 
fication since the research project at the University 
of Washington concerned itself solely with olivine. 
Consequently, this paper presents the results of a be- 
ginning study to provide a more factual answer to the 
behavior of olivine facings and olivine-silica facings 
on silica sand molds in the steel foundry. 

In this work, olivine and silica mixtures were used 
in three combinations: First, olivine flour was used 
to replace silica flour in a silica-base synthetic facing 
sand. The second combination used mixtures of silica 
and olivine aggregates. The third used a facing sand 
whose aggregate was entirely olivine but employed 
silica backing sand. In all cases the mixtures tested 
were used as facing materials only with the foundry’s 
silica system sand being used for backing. 

The following studies would not have been possible 
without the generous help of the management of the 
Washington Iron Works, Seattle, Wash. The unselfish 
assistance of John Butterfield, their foundry engineer, 
as well as their foundry staff and personnel is hereby 
gratefully acknowledged. 

Equipment and Materials. The primary concern in 
this investigation was \v determine whether or not 
silica-olivine molding sand mixtures would soften and 


OLIVINE-SILICA MOLpING SANDS 


develop swells or fuse at the mold-metal intertace 
thereby producing castings difficult to clean. It was also 
important to determine if other casting defects would 
be accentuated or eliminated by the use of these 
mixtures. 

The pattern selected for all of these studies was 
provided by the company; it is a pattern that has been 
used previously by the steel casting industry for in- 
vestigating molding sands and mold washes.? The 
shape and dimensions of the castings produced from 
this pattern are shown in Fig. 1. It is obvious that 
this casting was designed to provide a searching test 
for molding sand behavior. Of special interest to 
this investigation is the heavy body of the casting 
which measures 6 x 5 x 6 in. and has a deep notch 
produced by green sand. Although the casting weighs 
only 50 Ib, the sand producing the notch is treated 
as severely as it would be by a much heavier section. 
To obtain the maximum defect potential, a top riser 
was omitted, a blind side-feeder being substituted. Such 
molding procedure permitted a flat, uninterrupted 
cope area that would aggravate the conditions which 
tend to cause buckles and scabs. The pattern was 
mounted for ramming on jolt-squeeze-pin lift mold- 
ing machines. The drag pattern as mounted on the 
molding machine is shown in Fig. 2, while the cope 
rigging is pictured in Fig. 3. 

All materials used in this investigation with the ex- 
ception of olivine sand and olivine flour, were drawn 
from the bins of the participating foundry. In order 
to guarantee uniformity, a sufficient quantity of each 
ingredient was drawn initially to serve the entire an- 
ticipated test program. The olivine materials were 
provided from the University of Washington research 
project. 

The silica was a round-grained domestic sand origi- 
nating in the Midwest. Its pyrometric cone equivalent 
was not determined but since it was a high purity 
silica it seems safe to assume its pyrometric cone equiv- 
alent to be 32. The screen analysis of this sand is given 
in Table 1. The silica flour was produced from western 
quartzite of high purity supplied to a minimum 200 
mesh specification. 

The olivine sand was crushed from rock mined at the 
Twin Sisters area in Washington State.* The sand 
had an angular grain and its PCE was determined to 
be 33. The screen analysis of this sand is shown in 
Table 1. The olivine flour was not prepared specifi- 
cally for this purpose; rather, it was obtained as fines 


TABLE 1—GRAIN DISTRIBUTION OF FACING MATERIALS 
Per Cent Retained 
U.S.Std. >f 


Series Silica Olivine Olivine Olivine 
Sieve No. Sand Fines Sand A Sand B 
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30 
40 
50 
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100 
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200 
270 
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separated trom crushed material in the preparation 
of molding sand aggregate. The screen analysis of the 
flour also is shown in Table 1. These fines came from 
the same rock as the sand but showed a PCE value of 
only 30. This condition resulted from grinding con- 
tamination since flour produced later by a more suit- 
able grinding process had a higher fusion point. 


Procedures. Over a period of time, test castings were 
made once each week at the mutual convenience of the 
foundry and the authors. Each completed set of cast- 
ings was carefully examined before planning facing 
mixtures for the following week. Through this pro- 
cedure, it was hoped to ol .'n a maximum amount of 
information from a minimum number of castings. 

These studies were initiated by using one of the 
foundry’s green sand facing mixtures. Olivine flour 
was then substituted for silica flour and, as work 
progressed, other modifications were made. All sub- 
sequent mixtures can be regarded as modifications 
of the original facing sand formula. Each group of 
castings included one control casting. The sand used 
for the control casting contained no olivine materials. 
Such mixtures are identified by the prefix S in subse- 
quent data, while mixtures containing olivine are la- 
beled with the prefix O. The test procedures do not 
necessarily represent the most efficient methods of 
applying olivine-silica mixtures, further studies will be 
necessary in order to develop optimum results. 


Sand Preparation. Sand mixtures were prepared in a 
small wheel-and-plow sand mill in the foundry lab- 
oratory. All dry materials were accurately weighed 
while water additions were measured by volume. The 
dry ingredients were placed into marked containers 
before mixing was started. The mill was on a schedule 
of two minutes of dry mixing prior to water additions 
with a total mulling cycle of 10 minutes. 

The prepared sand was discharged from the mill 
into a marked container with a sample for test pur- 
poses being taken at that time. The prepared facing 
sand was covered with a damp cloth in order to pre- 
vent surface drying while other mixtures were being 
prepared. Samples were placed in sealed containers 
and were scheduled through the routine sand tests 
at the earliest opportunity. In most cases, samples were 
held for a maximum 15 minutes prior to testing. Tests 
were made for moisture content, permeability, and 
green compression strength. A second test sample was 
set aside for determining the pyrometric cone equiva- 
lent of the given sand mixture. 


Molding. Molding procedures were standardized in 
so far as possible. Drag and cope were rammed simul- 
taneously on identical jolt-squeeze-pin lift machines. 
One machine and operator was used each week to pro- 
duce drags and another machine and operator regular- 
ly produced copes. Controls for jolt time and squeeze 
pressures were established and adhered to throughout 
the molding program. Facing sand was riddled into 
the mold through a six-mesh screen. Molds were closed 
as soon as they were finished to minimize air drying. A 
completed drag with the knock off feeder core in posi- 
tion is shown in Fig. 4. 


Pouring. Finished test molds were placed together 
and poured in rapid succession with basic electric fur- 





Fig. 4—Drag half of test mold with knockoff riser core 
shown in position for the pouring. 
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Fig. 5—Letters identify critical surfaces and fillets. 
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nace steel. Dry sand pouring cups were placed over the 
sprues and the molds were poured from a bottom pour 
ladle. Temperatures of the stream of metal leaving the 
ladle were read with an optical pyrometer. The static 
pouring head was 12 in. to the parting line and 17 in. 
to the deepest part of the mold. 

Fusion points. The primary interest in this research 
was to determine the usefulness of olivine-silica mix- 
tures in commercial steel foundry operations. It was 
decided, however, to determine the fusion point of 
some of the experimental facing mixtures in order to 
develop further background information. For this pur- 
pose, test cones were prepared from the sand mixtures 
following the standard procedure outlined in ASTM 
Designation C 24-46. The cones were tested in a Remey 
PCE furnace operating on the specified schedule for 
that equipment. 


Cleaning and Inspection. Castings were cleaned at the 
foundry and delivered to the university laboratory for 
inspection. Sand that adhered to any casting after a 
light blasting operation remained intact and its re- 
moval was completed during inspection. 


Data and results. Letter identification as shown in 
Fig. 5 was assigned to casting surfaces to facilitate dis- 





Fig. 6—Control casting S-1, showing large scab in fillet 
E. Moisture was principal variarié in tests. 


cussion of the results, since the seven groups of castings 
constituting this study will be examined in some detail. 
All pertinent data is detailed in the tables. 

Sand mixtures S-1 and S-2 (Table 1) were the con- 
trol mixtures used for Group 1 and Group 2; these 
mixtures were identical in composition except for the 
moisture content. The S-2 mixture had the preferred 
moisture content for this type facing material as gen- 
erally used. Mixture O-1 substituted olivine fines for 
the usual silica flour. The weight of olivine flour was 
25 per cent greater than the weight of silica flour 
because of the greater density of olivine. Only slightly 
more than 68 per cent of the olivine fines passed 
through a 140-mesh screen, therefore, the substitution 
is not an identical one. Mixture O-2 was similar to 
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O-1 except for the increased addition of olivine to 15 
per cent of the dry weight. In mixture O-3, on the 
other hand, the olivine fines amounted to 20 per cent 
on the basis of dry weight. 

All of the castings poured from Group | and Group 
2 sands, with the exception of S-1, would be regarded 
as acceptable by most commercial standards. Casting 
S-1 would be scrapped because of a scab extending al- 
most the entire length of fillet E. The entire group of 
castings cleaned readily; sand did not fuse in notch 
J. Surface H was somewhat smoother on the S casting 
than on O series, while surface J was smoother on O 
castings. Vertical surfaces F, D, and G were slightly 
better on the O series of castings. Specimen castings 
S-2 and O-2 showed minute porosity on surface G, 
while casting S-1 had a very small scab on surface G. 
Casting S-1 is portrayed in Fig. 6 while Fig. 7 presents 
casting O-1. These views show the surface conditions 
typical of both groups of castings. 

Table 2 indicates that sand mixture S-2, contain- 
ing 8 per cent silica flour, had a PCE of 32. Mixtures 
O-2 containing 15 per cent and O-3 with 20 per cent 
of olivine flour, respectively, had PCE values higher 
than 30 but lower than 31. The addition of a maxi- 
mum of 20 per cent olivine flour in silica sand lowered 
the fusion point approximately 63 F. 

Scabbing behavior was intentionally encouraged in 
Group 3 by eliminating cereal and fireclay from all 
facing mixtures. The control mixture, S-3, carried 
8 per cent silica flour whereas O-4 and O-5 carried 
10 per cent and 20 per cent of olivine fines, respec- 
tively. No fusion or swelling was observed on any of 
these castings and adhering sand cleaned readily from 
notch J in all castings. Surface J was superior on cast- 
ing O-5 and poorest on S-3. Casting O-5 showed some 
penetration and light scabbing on surface H. 

The castings in this entire group produced scabs 
on surface A with casting S-3 developing the most un- 
satisfactory condition of this type of defect in the 
entire series of studies. The degree of imperfection on 
casting S-3 can be seen in- Fig. 8 and 9. Less pro- 
nounced scabbing occurred on both O-4 and O-5 cast- 
ings as noted in Fig. 10, a view of the O-4 casting. 





Fig. 7—Test casting 0-1 is typical of Group 1 and Group 
2. Olivine fines were substituted for silica flour. 
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TABLE 2—-MIXTURES FOR COMPARING OLIVINE AND SILICA FLOUR 















































Group 1 Group2 Group3 

S-1 O-1 $-2 0-2 0-3 $-3 0-4 0-5 
Silica Sand, Ib 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 
Silica Flour, Ib 3.0 oak 3.0 aad Wye: 3.0 Foe he 
Olivine Flour, |b — 3.75 ntti 5.75 8.10 ara 3.75 8.10 
Western Bentonite, Ib 1.65 1.65 1.65 1.65 1.65 1.65 1.65 1.65 
Fireclay, |b 0.75 0.75 0.75 0.75 0.75 a _ 
Cereal, Ib 0.21 0.21 0.21 0.21 0.21 ard an 
Dextrin, Ib 0.09 0.09 0.09 0.09 0.09 0.18 0.18 0.18 
Water, % 4.2 4.1 3.8 4.0 4.3 3.8 4.1 3.6 
Permeability 100 100 100 100 74 90 100 80 
Green Comp, psi 10.3 9.6 9.5 9.1 8.8 8.0 7.5 7.8 
Mold Hardness 80-83 80-85 77-82 80-85 80-85 AS ee 
PCE oats —— 32 30-31 30-31 a fe a 
Pour Temp, F 2800 2800 2840 2840 2840 2790 2790 2790 

TABLE 3—MIXTURES FOR COMPARING EFFECTS OF IRON OXIDE 

Group 4 Group 5 

S-4 0-6 O-7 0-8 $-5 0-9 0-10 O-11 
Silica, Ib 30.0 30.0 30.0 30.0 29.93 29.23 29.23 25.73 
Silica Flour, lb 3.0 oe wal ae 2.80 ard hs Agi 
Olivine Flour, Ib ius 3.75 8.10 3.75* ve 3.50 3.50** 7.00** 
Western Bentonite, Ib 1.65 1.65 1.65 1.50 1.00 1.00 1.00 1.00 
Fireclay, Ib a5 ca Sy ; 1.00 1.00 1.00 1.00 
Cereal, Ib ‘bes in ee) ia 0.18 0.18 0.18 0.18 
Dextrin, Ib 0.18 0.18 0.18 0.18 0.09 0.09 0.09 0.09 
Water, % 3.0 3.2 3.0 3.3 a7 3.8 3.9 4.0 
Permeability 90 100 75 90 80 90 80 54 
Green Comp, % 7.4 7.7 75 , A 7.7 8.0 8.6 
Mold Hardness 75-82 76-83 75-83 80-85 80-85 79-85 82-85 80-85 
PCE aunts eit we: Sep ai gon 31 30 
Pour Temp, F 2820 2820 2820 2820 2820 2820 2820 2820 
** Olivine flour with red iron oxide additions. 

* Olivine flour mix prepared from olivine flour, 9.0 Ib, iron oxide, 1.0 lb and furnace oil, 5 cc, mixed 10 min. 
TABLE 4—SILICA-OLIVINE FACING SANDS 
Group 6 Group 7 
sides . — 
$-6 O-12 0-13 0-14 $-7 0-15 0-16 

Silica, Ib 30.0 15.0 7.50 Bait 30.0 
Silica Flour, Ib 3.0 ae oak nie 3.0 oat jag 
Olivine Sand, Ib si 18.0 25.50 33.0 ow 33.75 33.75 
Western Bentonite, Ib 1.65 1.65 1.65 1.65 1.65 1.65 1.00 
Fireclay, Ib 0.75 0.75 0.75 0.75 0.75 ates rae 
Cereal, Ib 0.21 0.21 0.21 0.21 0.21 st 0.18 
Dextrin, Ib 0.09 0.09 0.09 0.09 0.09 0.18 0.18 
Water, % 3.9 3.9 3.8 3.8 4.0 4.4 4.0 
Permeability 100 130 130 140 100 180 160 
Green Comp, psi 9.8 10.4 11.5 12.4 9.6 10.4 7.0 
Mold Hardness 80-84 82-88 80-85 84-86 as Be a: 
PCE “~~ 19 19 oe as cade da 
Pour Temp, F 2870 2870 2870 2870 2840 2840 2840 





In Group 4 (Table 3) the sand mixtures were simi- 
lar to those of Group 3 except for sand O-8. The fines 
addition in the latter mixture was prepared by mixing 
nine parts by weight of olivine fines with one part of 
red iron oxide. A laboratory sand mill prepared the 
mixture in which a 0.1 per cent addition of furnace 
oil was made as a preventative against dusting-out. 
The moisture content was reduced in these sands to 
determine whether scabbing could be eliminated this 
way. 

Surface conditions on these castings were similar to 
those of Group 3 except for surface H which was con- 
sistently rougher than the previous series, with some 
cutting and penetration evident. The sand mixture 
containing 20 per cent olivine fines produced castings 
that were extremely rough on this surface although 
other surfaces were satisfactory. Notch J surfaces were 
slightly better than previous castings. However, mix- 


ture O-8, containing iron oxide, sintered slightly in 
the notch and was more difficult to remove. The black 
oxide layer at the mold-metal interface blasted off 
easily and the surface of the notch, once it was cleaned, 
was superior to other castings of this group. The re- 
maining casting surfaces revealed no improvement 
with this sand mixture. 

Cope scabbing was not entirely eliminated but it 
was greatly reduced in casting S-4 and O-6 in com- 
parison with their counterparts in Group 3. The scab- 
bing tendency of O-7, containing 20 per cent olivine 
fines, was slightly improved but the scabbed area was 
several times greater than that of casting O-6 produced 
in sand containing 10 per cent olivine fines. The scab 
area of casting O-8, which was molded with sand con- 
taining iron oxide, was slightly greater than that of 
casting O-7 making it the largest scab of the group. 

Equal amounts of western bentonite and fireclay 
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Fig. 8—Severe scabbing on top surface of this S-3 casting, 
most severe of series, was created intentionally. 


were added to Group 5 (Table 3) sand mixtures. 
Total clay content was 5.7 per cent in contrast to 
6.7 per cent total clay of the original mixture S-1. 
Cereal in 0.5 per cent amounts was re-introduced, 
this percentage being slightly less than in the original 
mixture. Sand mixtures O-10 and O-11 contained oli- 
vine flour that had been blended with 3 per cent red 
iron oxide. 

The surfaces of these castings proved to be uni- 
formly good. Sands containing olivine fines sintered 
to a greater degree than similar sands in Groups | and 
2 but they cleaned easily and produced better surfaces 
than their counterparts in earlier groups. A wash de- 
fect occurred on surface H of casting O-11. Cope scabs 
occurred on all specimen castings of this group. The 
scab area of the control casting was greater than that 
of any of the O castings. 

The fusion point of sands O-10 and O-11, which 
carried small percentages of iron oxide, was deter- 
mined. The oxide addition did not affect the fusion 
point in any noticeable degree. 

The control casting sand S-6 in Group 6 (Table 4) 
was similar to the original facing mixture. The aggre- 
gate of sand mixture O-12 contained 54.5 per cent 
silica sand and 45.5 per cent olivine sand. The olivine 
grain size is shown in Table | under the heading Oli- 
vine A. The sand aggregate for mixture O-13 con- 
tained 77.5 per cent olivine sand and 22.5 per cent 
silica. The aggregate for facing mixture O-14 con- 
sisted entirely of olivine. The increase in green 
strength resulting from increased olivine additions 
is an effect that can be expected from an angular grain. 


Fusion Points Determined 

The fusion point of sands O-12 and O-13 was de- 
termined to be PCE 19. This temperature is approxi- 
mated 150 F lower than the pouring temperature of 
the steel for this group. Severe penetration occurred in 
notch / in all specimen castings. The penetration into 
the more permeable O mixtures was greater than in 
the control mixture S-6. Surface A of the control cast- 
ing proved to be extremely rough but other surfaces 
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were entirely satisfactory. However, the general sur- 
face condition of all O castings of this group was 
unsatisfactory. In every case they were considerably 
rougher than any of the previous castings. 

The control casting developed a small gate scab as 
well as a series of small scabs along fillet E. The re- 
mainder of the group was completely free of scab 
defects. 

The control mixture in Group 7 (Table 4) was 
again similar to the original facing mixture. Sand mix- 
ture O-15 was free of fireclay and cereal. In this re- 
spect it was similar to mixture O-4 except that it con- 
tained no silica aggregate whatever. In sand mixture 
O-16, fireclay was omitted and the bentonite content 
was reduced to 2.75 per cent to reduce the green 
strength. The grain distribution of the aggregate is 
shown in Table | under the heading of Olivine B. 

The control casting, S-7, had reasonably good sur- 
faces but scabbed along fillet Z and in notch J. Casting 
O-15 revealed greater surface roughness than the con- 
trol specimen, a condition to be expected because of 
its greater permeability. This casting further devel- 
oped severe metal penetration in notch J similar to 
the condition in Group 6. It is interesting to note, 
however, that unlike similar mixtures with silica ag- 
gregate, no scabbing occurred. The general surface 
smoothness of casting O-16 was somewhat better than 
that of O-15. Metal penetration in notch J was not 
extensive. This casting developed a rather pronounced 
scope scab on surface 4; the studies did not include 
a silica aggregate counterpart for comparison since a 
low total clay content was not used in any other 
mixture. 


Conclusions. The results of these studies indicate that 
olivine flour can be used successfully for controlling 
the properties of silica based synthetic sand. The 
fusion point of the sands controlled with olivine flour 
was lowered. However, with additions up to 20 per 
cent the fusion point remained sufficiently high to 
make it possible to pour large steel castings in molding 
material of this type. An accumulation of olivine fines 
could conceivably create a problem, but it is doubtful 
if any steel foundry would allow the fines content of its 
system sand to reach 20 per cent. 

A noteworthy development was that the black scale 
formation on the casting surfaces was consistently 
thinner when olivine fines replaced silica flour. On 
this basis it might be predicted that the cleaning cost 
of large castings would be reduced through the use 
of olivine flour. This presumption cannot be fully ac- 
cepted, however, until such castings are produced and 
cleaned under controlled conditions. 

Several mixtures were compounded for the definite 
purpose of creating scabs on the test castings. In many 
cases, sands containing olivine flour scabbed to a les- 
ser degree than those containing silica flour; however, 
this was not consistently true. 

Sands containing 20 per cent olivine flour usually 
showed larger scab defects than sands with 10 per cent 
flour. One interesting trend was noted throughout 
the test program: sands with olivine fiour were less 
sensitive to moisture variations than sands with silica 
flour. When the control sands containing silica flour 
were tempered on the wet side, they scabbed to a 
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much greater degree than similar mixtures contain- 
ing olivine flour. However, when these sands were 
tempered on the dry side the control sands showed 
remarkable improvement and usually were equal to 
and in some cases superior to their olivine counter- 
parts. These studies have not been searching enough 
to establish this unusual observation as fact. There is 
insufficient evidence to state at this time that the use 
of olivine flour as a replacement for silica flour is 
beneficial in reducing scab formation. 


Low Fusion for Facing Sands 


The facing sands used in these studies which were 
compounded from mixtures of olivine and silica ag- 
gregates developed a rather low fusion point by PCE 
test. This result does not necessarily imply that steel 
castings could not be made in these sand mixtures 
since the conditions under which a pyrometric cone 
equivalent is determined are not at all parallel to 
those in a mold during the pouring and cooling cycle. 
Castings made from these sands exhibited unaccept- 
able surfaces; however, fusion was not evident. The 
rough surfaces appeared to be a result of improper 
grain size and dry strength. Inspection of the castings 
indicated that increased moisture content in the sands 
would improve the surface condition, a premise that 
proved to be correct in a later study. 

Work with this type of mixture was very limited 
and on the basis of present knowledge this type of 
sand cannot be recommended for steel facing mix- 
tures even though castings were produced without 
visible fusion. 

It is significant, that in these studies, satisfactory 
castings were made when the facing sand aggregate 
consisted entirely of olivine sand and the backing ma- 
terial was silica system sand. The junction of these 
sands in the gating system did not result in slag forma- 
tion. The use of olivine facing sands would reduce 
the amount of buffer materials needed to prevent scab- 
bing. This use of olivine would also eliminate silica 
dust that normally results from chipping, grinding, 
and blasting operations. Full advantage of the high 
fusion point and uniform thermal expansion would 
be utilized by this molding procedure. The continued 
use of this method would result in a system similar to 
the mixed aggregates described in this paper. 


Olivine and Silicosis 


The effect of silica material of fine particle size has 
been the subject of considerable medical research. In 
seeking a means of preventing silicosis, several inves- 
tigators have studied the behavior of olivine on the 
respiratory systems of animals in order to evaluate its 
potential as a replacement for predominantly silica 
materials. The result of this experimentation indicates 
that “only a minimal reaction of foreign body type 
appears to be produced”. Since silica fines are promi- 
nently used in steel foundry facings, it seemed that 
further knowledge of olivine-silica sand mixtures is 
important to both hygienic and technical foundry prog- 
ress. The studies reported in this paper were under- 
taken with the view of evaluating olivine-silica mix- 
tures. The results obtained indicate that olivine is 
capable of a performance that can well lead to its 
adoption by the steel casting industry. 
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Fig. 9—Drag side of casting S-3 (see Fig. 8) also shows 
scabs. Adhering sand cleaned poorest from this casting. 





Fig. 10—Less pronounced scabbing was evident in this 
casting, made in sand with 10 per cent olivine fines. 








CUPOLA GAS SCRUBBERS 


By 


O. J. Brechtelsbauer* 


It was not until about 1949 that an organized effort 
was begun by the American Foundrymen’s Society, 
air pollution control authorities, and equipment 
engineers and manufacturers toward the analysis and 
control of cupola emission. However, long before 
the Donora incident and the Los Angeles County 
Code at least one General Motors foundry recognized 
that a serious problem existed, and in line with the 
progressive attitude of the corporation, decided to 
install equipment to reduce emissions from _ its 
cupolas. 

In 1938 the Buick Foundry at Flint, Mich. installed 
a wet cupola gas scrubber on one of its 96-in. cupolas. 
In 1945 this unit was rebuilt and duplicate collectors 
were installed on the remaining five cupolas. Al- 
though no test data are available, the installation was 
considered successful from the standpoint of fly ash 
deposit on adjacent roofs and grounds. Later in 1945 
six similar collectors were installed at the Saginaw 
Malieable Iron Plant of Central Foundry Division 
at Saginaw, Mich. In 1947 the six new cupolas in- 
stalled at Chevrolet Saginaw Grey Iron Foundry as 
part of a post-war expansion program also were 
similarly equipped, Fig. 1. 

The collection equipment at Chevrolet was in- 
stalled at a cost of almost $25,000.00 although the 
City of Saginaw has no ordinance requiring that such 
equipment be provided. That no ordinance has been 
passed by Saginaw, although the world’s largest gray 
iron foundry as well as the world’s largest malleable 
iron foundry are located there, can perhaps be at- 
tributed mostly to the fact that both foundries have 
themselves recognized the importance of air pollution 
conirol and have installed effective equipment. 


Original Equipment Arrangement 
The scrubbers as originally installed at Chevrolet 
Saginaw Grey Iron Foundry by a local iron works 
were an exact copy of the 1945 Buick installation. The 
units, Fig. 2, consisted of a double cone with 70 sprays 
evenly spaced about its base. The cone with the 


*Engineer, Chevrolet Saginaw Grey Iron Foundry, GMC, 
Saginaw, Mich. 


54-84 


nozzles was suspended within a 4-in. plate shell or 
shroud which extended down and formed a trough 
about the cupola just below the top rim. The trough 
was sloped toward a 6-in. drainage pipe through which 
the spray water with the collected material was car- 
ried to the base of the cupola. There it was again 
used to quench and convey the slag to the slag dis- 
posal system. The upper or large section of the shell 
is not round but has flat sides, Fig. 1. This is necessary 
because of the 12-ft center distance of the cupolas. 

The sprays with a 5/32-in. orifice were directed 
downward and outward toward the shell so that the 
hot dust-bearing gas rising up between the cone and 
the shroud came in contact with the water. Water was 
supplied by a 3-in. pipe to the apex of the double 
cone forming a pressurized chamber supplying water 
to the nozzles. A 500-gallon per minute pump sup- 
plied the water to the cone inlet at a pressure of 18 
psi. This pump capacity was evenly divided between 
three cupolas operating simultaneously. 





Fig. 1—Close-up view of cupola stacks showing 
scrubber supports and walkway. 
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Fig. 2—Sketch showing cross section of original 
cupola gas scrubber arrangement. 


Operation and Maintenance Difficulties 


The cupolas were placed in service in June 1948. 
On the first day of operation, the blast on No. 18 
cupola was turned on before the pump supplying 
water to its collector unit could be started. The result 
was that the cone of the scrubber became thoroughly 
heated and when water finally entered the chamber 
between the cones the resulting steam built up enough 
pressure to pull one of the stays out of the lower cone 
forcing a steady stream of water down into the cupola 
stack. 


Water to the unit could not be cut off for fear 


of further damage to the cones which would certainly 
have made replacement necessary, so the bottom on 
this cupola was finally dropped and operation was 
discontinued. This unfortunate experience was an 
important factor in the final discarding of the hollow 
cone multi-spray arrangement. In addition there was 
necessary frequent cleaning of the spray nozzles. This 
led first to the reduction in the number of nozzles 
and finally to the adoption of the present single 
nozzle and cone arrangement. The difficulties with 
the multi-sprays was attributed mainly to dirt, pipe 
scale and boiler scale in the mill water being supplied 
to the sprays. Boiler scale was formed within the 
hollow cone of the scrubber unit itself and became 
dislodged by the alternate expansion and contraction 
of the cones. All nozzles were inspected daily, and 
about once a week the nozzles were entirely removed 
and the pipes and cones were thoroughly flushed out 
to remove as much of the accumulated dirt and scale 
as possible. Considering the fact that there were 432 
nozzles in all, it is obvious that cost of maintenance 
was prohibitive. 

Cleaning time and frequency was somewhat reduced 
when the orifice size in the nozzles ‘was increased to 
7/32-in. and the number of nozzles was reduced by 
one half to 35 in number. The center to center dis- 
tance of the nozzles now however, was almost 8 in. 
with very little overlap between the sprays. When one 
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Fig. 3—Sketch showing cross section of cupola gas 
scrubber showing single spray arrangement. 


nozzle became plugged, the resulting void in the water 
curtain was considerable. Even with the larger orifice, 
frequent cleaning of the nozzles was still necessary 
and maintenance costs were still considered high, 
especially when, after about 18 months of operation, 
the lower cones showed signs of warpage and need 
for replacement. 


Change to Single Central Nozzle 


In the meantime, McKinnon Industries at St. 
Catharines, Ontario, had a single spray nozzle instal- 
lation in operation which was effective, yet required 
considerably less maintenance. Drawings of this ar- 
rangement were subsequently obtained, and in April 
1951, No. 18 cupola at Chevrolet was remodeled into 
a similar installation, Fig. 3. The change was simple 
since it required only the removal of the upper cone 
and nozzles, and the installation of the single large 
nozzle over the apex of the remaining lower cone. 
The shell or shroud part of these collectors has not 
been altered from the original installation made in 
1947, except that the over-flow size was increased from 
2-in. to 5-in. diameter. 

During 1951, the remaining five cupolas were re- 
modeled into this single spray arrangement. Figure 
4 is a detail drawing of the nozzle and Fig. 5 shows 
the arrangement of the nozzle supply pipes. Figure 6 
shows a detail of the 3%-in. carbon steel cone and the 
1elative position of the nozzle. Effectiveness of the 
units is contributed mainly to the uniform distribu- 
tion of water over the entire cone by the nozzle, 
Fig. 7. 

Operation-wise, the present equipment is practically 
foolproof requiring only the observance of the follow- 
ing rules: 

1. Collector water and cupola blast must be turned 
on simultaneously. If water is turned on ahead of the 
blast, spillage down the cupola stack will result. If 
the blast is turned on too soon, cone life is reduced 
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Fig. 4—Detail of spray nozzle. 





Fig. 5—View of scrubber showing piping to spray nozzle. 


because of the intense heat and consequent warpage. 
None of the cones have been replaced since installa- 
tion of the single spray nozzles. 

2. No papers, cartons, or rags are to be thrown into 
the cupolas for disposal. Any light material such as 
papers or rags would be carried up to the collectors, 
and if not first consumed by the flames will become 
lodged in the trough or drain pipe. 

Maintenance cost of these scrubbers has been cut 
to a minimum, each unit averaging less than four 
man-hours per week. Normal requirements are limited 
to a general inspection and cleaning of the units. 
Some patching has been necessary recently on the 
shells since the affects of corrosion are becoming evi- 
dent. As previously stated, the shells are still the 
original, made of 14-in. plate. Most severe corrosion 
takes place in the shell area immediately above water 
spray. Reason for this is that in this area also the 
greatest buildup of mud and fly ash occurs, retaining 
moisture, so the oxidation process continues even 
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Fig. 6—Detail of ¥-in. steel cone. 





Fig. 7—View into top of scrubber showing uniform 
distribution of water over the cone by 
the nozzle in operation. 


with the unit shut down. 

Figure 8 shows the cleanout which is installed in 
the drain pipes just above the roof line of the cupola 
building. While any work is being done on a 
scrubber unit, the plugs are removed and a plate 
deflector is laid over the drain leading from the bot- 
tom of the cleanout. Any material or object which is 
then dropped into the drain from the scrubber will 
be discharged onto the roof rather than become lodged 
in the drain pipe further below. 

Water volumes have remained unchanged from the 
original 470 to 500 gallon per minute which is evenly 
divided between the two or three cupolas in opera- 
tion. Water pressure at the cupola building roof line 
is 20 psi (approximately 18 psi at the nozzle). Water 
temperature after the collector is approximately 85 F 
when water supply temperature is 52 F. 

Test Results 

On Feb. 11 and 12, 1953, effluent dust loading tests 
were made on No. 16, 17, 18 and 19 cupola stacks. 
Twelve samples were made, three on each of the four 
cupolas. Samples were taken about 2 ft below the top 
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ig. 8—Photo shows drain line trap. 


of the collectors, Fig. 3, just above the spray and 18 
in, in from the shell. The samples were taken from 
three different positions in the half of the scrubbei 
nearest walkway, and three positions being referred 
to as left, center, and right. The walkway is located 
along the west side of the stacks. On Feb. 11, when 
No. 16 and 18 stacks were sampled, wind direction 
was from southeast to the northwest 12 mph, 31 F, 
and on Feb. 12, when No. 17 and 19 stacks were 
sampled, wind direction was from west to east, 13 
mph, 31 F. 

Since only two cupolas were in operation, water 
rates were approximately 235 gallons per minute. 
Gas temperatures in all test locations were in excess 
of 500 F. 

Samples were taken only during normal operation 
periods and required 17 min and 40 sec to give one 
half cubic meter samples at the rate of 1 cu ft per 
min. Two operating cupolas were sampled simul- 
taneously. 

Samples were collected in butyl alcohol in Green- 
burg-Smith impingers. Dust content of the samples 
was determined gravimetrically and particle size 
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determination was by sieving and microscopy. 

The dust loading tests were made by personnel of 
General Motors Industrial Hygiene Service under the 
direction of A. Patty. Tests were made at the request 
of Chevrolet Saginaw Grey Iron Foundry. 

Table | is a tabulation of the test results. Results 
of the tests in grains per cubic foot at 500 F varied 
only 0.04 grains and would indicate accuracy and re- 
liability. Average of the 12 samples is 0.11 grains per 
cubic foot of gas at 500 F, indicating that the scrub- 
bers are reasonably effective. 

As a further check of the performance of the units, 
an analysis of the particle sizes was made wherein 
it was found that only about | per cent by weight 
of the escaping particulate matter exceeded 40 
microns in diameter. Of the remaining 99 per cent 
by weight, over 99 per cent of the particles, by count, 
were found to be less than 5 microns in diameter. 
These small particles, however, greatly contribute to 
the visible discharge from these scrubbers which is 
somewhat lighter in color and less dense than the 
discharge from cupolas not equipped with collectors, 


Fig. 9. 
Conclusion 


The scrubbers in use at Chevrolet Saginaw Grey 
Iron Foundry are the simplest and least expensive 
available at this time and from the results of the tests, 
will meet code requirements in many areas of the 
country. 

Variations of these units are being used by many 





Fig. 9—General view showing smoke plume 
during operation. 


TasBLe 1—Cupota Emission Test RESULTS 





Test No. I 2 3 a 

Date 2-11-53 2-11-53 2-11-53 2-11-53 2-11-53 
Cupola No. 16 18 16 18 16 

Test Location Left Left Center Center Right 


Charge, lb (Aver per hr) 42700 45045 
Melt, tons (Aver per hr) 18.3 19.2 


Total Grams Collected 0.226 0.249 0.216 0.218 0.255 


Grains Per Cu Ft of 


Gas @ 500 F 0.11 0.12 0.10 0.10 0.12 
Grams on 300-Mesh Screen 0.0012 0.0038 
Grams Through 300-Mesh Screen 0.2147 = 0.2144 

Per cent by Wt on 300-Mesh 

Screen (Exceeding 40 Microns) 0.6 1.7 





6 7 8 9 10 11 12 
2-11-53 2-12-58 2-12-58 2-12-53 2-12-53 2-12-53 2-12-53 
18 17 19 17 19 17 19 
Right Left Left Center Center Right Right 
47000 46330 
20.0 19.9 
0.183 0.201 0.258 0.226 860.251 0.232 0.276 
0.09 0.10 0.12 0.11 0.12 0.11 0.13 


0.0028 0.0025 
0.2233 0.2488 


1.2 1.0 
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foundries as a stop gap or hold over until better 
equipment can be installed and operated at more 
reasonable cost. Buick Foundry at Flint is presently 
installing four new 108-in. cupolas which will be 
equipped with exact duplicates of the gas scrubbers 
presently in use at Chevrolet. Because in most in- 
stances, this type of collector can be installed without 
changes to existing blast equipment, they are espe- 
cially attractive for installation on existing cupolas. 
Most important consideration, perhaps, is the center 
distance where there is more than one cupola to 
be equipped. 


Total cost of the Chevrolet installation, not includ- 
ing water supply, drain, and overflow piping, was 
approximately $20,400.00 or about $.45 per pound 


Curota GAS SCRUBBERS 


installed (1947 price). Cost of maintenance, labor, and 
materials is estimated to be $8,500.00 annually foi 
the six units. This is based on a cone and upper shell 
life of six years and includes the routine weekly main- 
tenance on the units. Cost of maintenance of the 
water supply pump and system has not been included 
here since this same supply is also used for the slag 
disposal system. 

Considerable progress has been made toward the 
design of practical and economical equipment for 
the control of cupola stack emissions. There is now 
available a variety of apparatus which will meet the 
many codes and ordinances in affect throughout the 
country. However, much of this equipment is still 
expensive in both first cost as well as cost of operation 
and maintenance, especially for the small foundry. 

















PROTECTIVE EQUIPMENT FOR FOUNDRYMEN 


By 


Ray L. Berger* 


Protective equipment plays a major role in indus- 
trial safety programs. Much research went into the 
development of equipment that provides the worker 
not only protection but comfort as well. 

Man’s environment cannot always be perfect, but 
his knowledge of protective devices enables him to 
work in the midst of hazards without injury. Manu- 
facturers of protective equipment, in most instances, 
offer an engineering service in the design of special 
equipment to meet individual needs. 

Periodic inspection of protective equipment should 
be conducted, and replacements made where neces- 
sary. The employee should be consulted in regard 
to the equipment he is wearing, and his suggestions 
considered. Cooperation in this respect is necessary 
for effective use of protective equipment. 

In the foundry industry we have some hazardous 
occupations which require protective equipment for 
the employee. The protective equipment that must 
receive the most attention in the modern foundry 
today are safety glasses and goggles, safety shoes, 
gloves, sleeves and leggings. One piece of protective 
equipment that was vital to the foundry industry 
a few years ago was the respirator. Today there should 
be no work area where a respirator should be used on 
a production job. You may still find use for one on 
repair work or clean up work on off shifts. 

The author made a survey on this problem of pro- 
tective equipment in foundries in Wisconsin and 
Illinois. He wanted to prove a theory of his that there 
was a direct relationship between the accident fre- 
quency and severity records of a company and the 
availability of protective equipment in the plant. 


Use of Safety Shoes in the Foundry 


The author tabulated the frequencies and severity 
rate of companies alongside methods used by the 
companies in dispensing safety equipment. As for 
example: 


*Personnel Director, Belle City Malleable Iron Co., Racine, Wis. 
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On Safety Shoes: 
Companies that had shoe dispensaries in their plant. 

Shoes sold at cost 

Shoes sold at cost plus handling costs 

Shoes sold at 10 per cent below cost 

Shoes sold at 20 per cent below cost 
Companies without shoe stock in their plant. 

Contributed nothing to purchase of shoes at down- 

town shoe store 

Contributed $1.00 to cost of shoes. 

The greater the contribution by the company to- 
ward cost of safety shoes, the greater was the coverage 
of safety shoes in the plant. At the author's plant 
there is 98 per cent safety shoe coverage throughout 
the plant. The company sells the shoes to the em- 
ployees at 20 per cent below cost. This represents a 
subsidy by the company of less than $2,000.00 per year. 

The survey definitely determined a relationship 
between the accident frequency and coverage of 
safety shoes in the plants reporting. 


Use of Safety Glasses and Goggles 


Many companies have hesitated to venture into a 
program of supplying prescription safety glasses to 
the employees on the same basis as regular safety 
glasses. In 1951, the author’s plant started a pre- 
scription safety glass program. We rented a sight 
screener from an optical company. We taught the 
company nurse how to operate the machine, and then 
proceeded to check the eyesight of every employee 
in the plant. The company doctor reviewed the eye- 
sight test results indicating on the card if the em- 
ployee was to be sent to his office for a regular eye 
examination. 

In the period between 1951 and the present date 
we found that about 38 per cent of our employees 
needed corrective safety glasses. We found many cases 
of very bad eyesight. We found a number of cases 
of employees wearing dollar store glasses, wearing 
sister's or brother’s cast off glasses. We found em- 
ployees in the inspection department that had been 
doing a job for years with 20-40 vision and were not 
wearing corrective lenses. We found six employees 
with no vision in one eye. This was not indicated on 
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their personnel records and the fact was not discovered 
in the pre-employment examination. 

As a result of this sight test program, the plant 
reduced percentage of scrap on its molding lines. 
Because of the corrective measures taken, cores were 
being set in molds more accurately. 

This entire program costs the plant considerably 
less each year than the loss of an eye. Prior to 1951, 
about 40 per cent of the plant’s doctor cases were 
eye cases. Today its eye cases run about 6 per cent 
of the total doctor cases per year. 

The author's plant has a complete safety glass pro- 
gram at a cost of $4,000 a year for the three years the 
program has been in effect. 


Use of Work Gloves in the Plant 


Another phase of a vital protective equipment pro- 
gram in the foundry industry is the provision of work 
gloves. The practice in the author's plant has been 
to give each employee the first pair of work gloves. 


PROTECTIVE EQUIPMENT FOR FOUNDRYMEN 


For each succeeding pair the employee is charged 25 
cents. Leather gloves cost about one dollar a pair; 
this represent a subsidy by the company of 75 cents 
on each pair. 

The author’s plant carried on an extensive experi- 
mental program on the durability of available gloves. 
We found that plastic-coated gloves of certain types 
outwear two pairs of leather gloves on many jobs in 
the foundry. 

Today about 50 per cent of the gloves used in the 
author's plant are plastic coated. This represents an 
appreciable saving on work gloves because most types 
of plastic-coated gloves cost about half as much as 
leather gloves. 

A good protective equipment program in your plant 
will and can pay big dividends in your safety pro- 
gram. There is a direct relationship in the foundry 
industry of a low frequency and severity accident 
record to the methods used by your company in 
handling protective equipment. 
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USE OF BLOW-IN CORE DRIERS 


By 


Robert W. Wendt* 


In recent years considerable experimentation has 
been conducted by foundries, core making and hand- 
ling equipment manufacturers to find better and 
faster ways to make cores. The aim was to eliminate 
as much handling of equipment as possible. 

Improvements on core blowers, such as mechanical 
stripping attachments, eliminate lifting the top half 
core box by hand. The lower half box can also be 
handled automatically for turning or rolling it over, 
to deposit the core on a drier plate or in a drier. 

Improvements made on core binders and mixtures 
to reduce baking time and to improve breakdown 
and releasing qualities have also improved the possi- 
bilities of blowing cores directly into driers. Specially 
designed driers called “blow-in” driers constructed 
rigidly enough to withstand high blow pressures and 
overall wear are today used with excellent results 
on many jobs. 

Blow-in driers are really nothing more than im- 
proved shell driers. Various methods of making cores 
by either ramming or blowing sand directly into the 
drier or lower box half have been in use for some- 
time. 


Origin of Shell Core Driers 


Gray iron, cast-to-size, multiple-cavity shell core 
driers originated with the pipe fitting industry. Here, 
the shell matches the pin half box in the as-cast con- 
dition. Although the matching of many multiple as- 
cast cavities was and still is a problem, affected by 
shrinkage and metal variations, this method never- 
theless had definite advantages. It increased produc- 
tion considerably, and produced acceptable cores. 

The conventional method of making a full core 
that requires drier support calls for a full core box 
with “place on” driers, After stripping the top half 
box, done either by hand or by machine, a drier must 
be placed over this core, centering itself over the core 
box pins of the lower half box. Next, this lower half 
box with the core in it and the drier in place had to 
be turned or rolled over. This operation can be 
manual or mechanical. This rolling over operation is 


* Industrial Pattern & Mfg. Co., Inc., Chicago. 
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in many cases the source of trouble. It is responsible 
for distorting core shape and size. Quite frequently 
cores are broken by this operation. 

Breaks in the core while in the green stage are 
not easily detectable, especially if the separation is 
not all the way through, or is hidden by the drier. 
The result is that after baking there seems to be an 
unnecessary amount of broken cores, especially in mul- 
tiple boxes, where small connecting core sections 
appear to be responsible for this excessive scrap. 

If the core is not properly supported in the drier, 
either in depth or sideways, slight rapping or bump- 
ing, or the weight of the core make it move or sag 
to find its bearing in the drier resulting in defective 





View of back (above) and cavity sides of blow-in drier 
made for differential housing at Industrial Pattern. Drier 
requires no machining or hand tooling in cavity. 
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cores. Entire sections might roll against the sides of 
the drier wall. ‘To overcome this condition most foun- 
dries require a close dimensional drier tolerance, 
plus allowance for a slight crush, to seat the core 
firmly in the bottom of the drier. However, this too 
has its drawbacks since it is difficult to conirol the 
amount of crush in driers of large quantities to such 
accuracy that a flattening effect will not be noticeable 
in casting variations and cause possible machining 
difficulties. 

When core blowing machines came into being, 
many types of core boxes, including multiple shell 
boxes, were rigged and tried for blowing. It proved 
successful. Parting separations, a typical occurrence 
with booked cores, were eliminated. However, the 
drawback was that cores would not release readily 
from the shell. Sticking due to the high oil mixtures 
plus roughness of the as-cast iron shells caused core 
breakage. Much remained to be done with mixtures 
and binders, 

Although core sticking is still not entirely elimi- 
nated, it nevertheless has been reduced to a minimum 
through smooth cast-to-size aluminum driers. Various 
cleaning methods are in use. Chemicals are effective 
if used frequently. Another less expensive method is 
to heat the driers to about 600 F and burn off or 
sinter all carbon deposits; then follow with air clean- 
ing or brushing. 


Dielectric Core Baking 


With the introduction of dielectric core baking, 
new mixtures and binders came into being. Some of 
these have been adopted to replace the slow baking 
oil-sand mixtures and are used successfully on blowing 
multiple-cavity cores. These new binders have better 
releasing qualities, besides faster breakdown and 
shakeout advantages. This, of course, opens many 
new fields for blowing cores directly into driers. To- 
day, it is possible to blow large and small cores of 
various shapes and sizes right into the driers. With 
machine stripping and mechanical vibrating, core 
breakage can be held to a minimum. It is important 
that cores blown this way have the proper hardness, 
otherwise weak areas or sections where either trapped 
air or plugged vents or funneled blow openings failed 
to pack a solid core, breakage can still be a source 
of much scrap. Some blowers are now equipped with 
various agitators to keep the sand in the blow maga- 
zine from funneling above the blow openings. This 
is an important advantage when blowing with many 
small openings. 

Correct placing of vents and blow holes is important 
when using blow-in driers. If at all possible, all vent- 
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ing should be in the top half box only. This might 
require test runs to skillfully place vents and blow 
bushings. The size and type of vent, size and type of 
blow opening, plus the method or rather the sequence 
of introducing the sand into the core cavity is also 
important. It is important to remember that only solid 
or fully-packed cores will give little trouble when 
made with the most suitable mixtures. Releasing 
should be no more of a problem for small cores than 
for larger ones, whether single or multiple cavities 
are used, 

Blow-in driers are higher in cost due to their 
special construction, i.e., heavier walls, box-type rib 
machining at bottom and in some cases at the parting, 
plus machining for locating stop. They are primarily 
suitable for high production jobs, or for jobs where 
conventional driers fail to hold the core in shape. 

Blow-in driers have proven themselves beneficial 
in such applications as automotive parts, intake and 
exhaust manifolds, ordinance jobs, valves and fittings. 

Initial accuracy, holding of specified tolerances, uni- 
form matching of core box half with hundreds of 
driers, and also holding of these same specifications 
on replacements is no problem. 

Since foundry and machine shop tooling must be 
closely coordinated to obtain and maintain best 
machining efficiency, the trend is towards greater 
accuracy in pattern and core requirements. Fast pro- 
duction and machining with modern tooling requires 
uniformity in castings; both the outside and the in- 
side must be to size as cast, the outside for chucking, 
the inside for machining with the least amount of 
stock. 

Conclusions 


1. Blow-in driers for bulky ,or small intricate cores 
are in use today and produce excellent results. 

2. Blow-in driers make it possible to hold closer 
dimensional tolerances; thus, wall sections and 
machining stock can be reduced to a minimum. 

3. Blow-in driers eliminate parting line separations, 
and in turn parting line patching. 

4. Blow-in driers in many cases eliminated use of 
wires and nails for core reinforcing. 

5. Blow-in driers eliminate handling operations 
and in many cases reduce core cost considerably. Cores 
made this way fit better in the mold cavity. 

6. Precision cores make precision castings. This is 
what casting buyers want, but if possible, at no in- 
crease in cost. If you are a casting supplier and in 
need of improving core quality, it might pay to in- 
vestigate blow-in drier applications. 














CORRELATION OF AIR FURNACE BOTTOM TEMPERATURE TO 
REFRACTORY AND OPERATING PRACTICE IN A CUPOLA-AIR 
FURNACE DUPLEX SYSTEM 


By 


F. W. Jacobs* and E. C. Ashley** 


ABSTRACT 


This paper is a continuation of the practical study of variables 
affecting refractory bottom life in an oil-fired air furnace as 
related to bottom temperatures. 

Experimental work covers a 15-month period with reference 
to a previous 10-month period of regular production practice 
using the air furnace of a cupola-air furnace duplex system in a 
southwestern malleable production foundry. 

Graphs are used to compare results and show differences in 
retained bottom temperatures as related to size and type of 
brick, variable construction and operation methods, and inter- 
mittent operation of the furnace. 

Particular emphasis is placed on the treatment and .control 
of slag on the furnace bath and many practical control pro- 
cedures and observations are made with reference to bottom 
life. 

Costs expressed in 9-in. equivalents of brick per ton are pre- 
sented for comparison of the ten campaigns covered in the 
paper. 

Results indicate that measurement of bottom 
continues to be a aefinite aid in predicting bottom life. 

Results of experimental slag treatment offer many observa- 
tions that should be useful to operators of all types of air- 
furnaces. 


temperature 


Introduction 


Study of effects of various sizes and types of refrac- 
tories, influence of furnace design and construction, 
and effects of slag practice on the furnace bath on 
temperature of an air furnace bottom is closely as- 
sociated with operating practice. It is by nature of 
the operation a task which consumes considerable 
time, Results presented in this paper are a continua- 
tion of previous investigations reported in a re- 
cent paper! showing that measurement of bottom 
temperature is a definite aid in predicting bottom 
life. During such an investigation many new factors 
present themselves which must then be compared and 
correlated with existing data. Many such tests and 
variations must then be duplicated for verification. 
Importance of slag control in air-furnace operation 
seemed to have tremendous effects on bottom life as 
previously reported, so the entire series of tests pre- 
sented herein were performed with variations of slag 


+ This is a continuation of a paper of the same title pub- 
lished in AFS, Transactions, vol. 61, pp. '479-489 (1953). 

*Chief Metallurgist and ** Chief Chemist, Texas Found- 
ries, Inc., Lufkin, Texas. 
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control on the furnace bath. Although conclusions 
reached apply to operations in an oil-fired air furnace 
which, as a melting unit, comprises a minority cate- 
gory in malleable iron duplexing, it is felt that the 
basic principles are applicable to all air furnace 
duplexing units. 


Previous Work 


Having proven that ventilated bottoms promote 
longer bottom life, construction of the furnace bot- 
tom was not changed. The refractory bottom consists 
of 1 in. of ganister laid directly on the furnace bot- 
tom plate, two courses of high duty (40 pct alumina) 
side wall brick laid in row lock courses making a 9-in. 
sub-bottom, 2-in. sand between sub-bottom and serv- 
ice bottom and 9 in. of service bottom making a total 
of 21 in. 

Bottoms laid with 70-pct alumina, large 9-in. bot- 
tom brick using high-alumina, heat-setting cement 
for joint mortar were proven superior for longer bot- 
tom life in the authors’ plant, Bottoms of this refrac- 
tory construction formed the basis of extended ex- 
perimentation. 

Measurement of bottom temperature with two No. 
8 chromel-alumel thermocouples each placed in a 
closed-end nickel-chromium alloy case protecting tube 
proved satisfactory and economical for temperatures 
up to 2000 F (1093 C), the maximum safe limit of 
operation. Previous tests indicated that measurement 
of bottom temperatures at the location of the forward 
and rear drain rows in the sub-bottom represented the 
hot spots and therefore the danger spots of the service 
bottom. The front drain row is located 46 in. ahead 
of the center hop hole at a point 8 ft, 514 in. from the 
burner wall. The rear drain row is located 42 in. 
behind the center tap hole. The thermocouple tubes 
are carefully placed in each drain row so that the 
closed-end tip rests at the center and low portion of 
the rise directly below the service bottom. 

Effect of cupola slag on the furnace bath had been 
noted as detrimental to long bottom life because of 
the action of the comparatively high CaO content in 
the cupola slag with bottom and side wall brick. The 
bottom having no cupola slag on the furnace bath 
had a life 50 pet greater than normally expected. 
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TaBLE 1—Bottrom REcorD 





Total Total 


Tons Heats 
Thermo- on on Tons 
Bottom Date Bottom Front Burner couple Bot- Bot- Per 
No. In Out Type Brick ’ Slope Front Bridge Ports Position tom tom heat Remarks 





9 9-15-52 10-24-52 70% Al,O; ly%-in. per ft Brick swept High temp. 4-in. below 2057 26 79 Bottom replaced 








Large 9-in. with sand heat setting service because of metal 
straight. plastic. bottom scab, front half. 
9x634x21% in. 
10 10-27-52 12-12-52 Same Same Same Same Same 2344 29 81 Same 
11 12-15-5: 1-29-53 Same Same Same Same Same 2233 30 74 Same 
1-53 2- 2-53 3-20-53 Same 4-in. per ft Same Same Same 2747 34 81 Scab trouble 
eliminated. 
2-53 3-23-53 4-24-53 Same except Same Same Same Y-in. below 2921 47 109 Two6-day weeks. 
4 rows 70% service Bottom tempera- 
Al,O, bottom ture increased app. 
9x634x3 in. 50°F due to raised 
at skim door area. thermocouple. 
3-53 4-27-53 6- 4-53 Front half and Same Same Same Same 2423 27 90 Bottom removed 
from tapout back because of spalled 
20 rows—70% 60% AI,O, brick. 
Al,Og 
9x634x3 in. 
12 rows—60% 
Al,O; 
Large 9-in. 
straight 
7 rows—70% 
ALO, 
Large 9-in. 
straight 
4-53 6- 8-53 7- 9-53 70%—AI,O, large Same No sand Same Same 2102 22 96 Cupola slag dam 
9-in. straight swept on leaked on two sep- 
9x634x21% in. brick ate heats. Bad spall 
in back half. 
Front half OK. 
5-53 7-13-53 9- 3-53 70% Al,O, large Same Same. 2 rows Low Temp. Same 3247 36 90 Cupola slag leaked 
9-in. straight 70% Al,Os setting high into furnace. 
9x634,x3 in. Large 9-in. refractory Skimmed, counter- 
straight ahead plastic. acted with P.Grog. 
of bridge. 
Wedge fillet 
6-53 9- 8-53 10-21-53 Same as 4-53 Same Same. Same Same 2462 29 85 Bottom up 3:00 
70% Al,O, p-m. Metal slab 
Large 9-in. next to front 
straight on edge bridge. 
end to end 
7-53 10-26-53 12-11-53 Same as 5-53 Same Same. Same Same $235 34 95 Bottom removed 


because of metal 

scab center of fur- 

nace at test door. 
diagonally on Streamlined bridge 
edge side to eliminated scab 
side. front half. 

Notes: Rise, 3 in., Mortar, Hi-alumina, heat setting. Top temperature, 2850 F. Length burner bridge, 3814-in. Depth bath, 814 in. 

Capacity of furnace, 34 tons. 


70% Al,O, 
Large 9-in. 
straight cut 





accuracy. It thus enabled a smoother scheduling of 
production in the foundry as well as materials needed 
for furnace repair. 


Since this seemed to be a decisive factor, and since it 
is necessary to carry slag on the bath in an oil-fired 
air furnace to prevent excess carbon reduction in the 
metal, the practice of adding molten cupola slag to 
cover the bath during the drain period was discon- 
tinued. The practice of adding materials of known 


Test Procedure 


In order to have a continuous record of bottom | 


compostion which would be less reactive with furnace 
brick was started and formed the basis of much of the 
experimentation to be reported in this paper. 

It was found that the degree of rise in furnace bot- 
tom temperature indicated the trend of service life of 
the bottom and aided in predicting bottom life. 
This factor has allowed the operators at the authors’ 
plant with other factors being normal, to forecast the 
dates of furnace tear out and repair with reasonable 


temperature, all temperatures were measured on a re- | 


cording instrument, permanently placed in the melt- 
ing office which is adjacent to the furnace and cupola. 
The recorder was checked at least once each day 
against a portable potentiometer. Thermocouples 
under the bottom were checked at least once each 
week against a standard thermocouple and replaced 
when faulty. 

The tip of the thermocouple was placed 14 in. be- 
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Fig. 1—Graph of maximum daily temperatures showing effect of size and type of 9-in. large brick on bottom life. 


low the service bottom on Bottoms No. 9 through 
No. 1-53. On Bottom No. 2-53, the tip was raised 
to 14 in. below service bottom to gain closer con- 
trol and remained there for the duration of tests 
included in this paper. (See Table 1.) 

The possibilities of using a combination bottom 
were investigated on Bottom No. 3-53. The front half 
was laid with 70-pct alumina, large 9-in. straight 
brick, 9 x 634 x 3-in. The back half was composed 
of 20 rows of 70-pct alumina, 9 x 634 x 3-in., 12 rows 
of 60-pct alumina, 9 x 634 x 2l4-in., and the re- 
maining 7 rows were laid with 70-pct alumina, 9 x 
634 x 21%4-in. brick. 

Comparison of the regular large 9-in. straight 214 
in. thick brick with the large 9-in. straight 3-in. thick 
brick was made starting with Bottom No. 2-53 where 
four rows of the 3-in. brick were laid at the skim door 
for initial test. Two-thirds of Bottom No. 3-53 was 
composed of this same size and type brick. More spe- 
cifically, Bottoms No. 4-53 and 6-53 were laid with the 
large 9 x 634 x 214-in. brick and compared with Bot- 
toms No. 5-53 and 7-53 which were laid with large 9 x 
634 x 3-in. brick. 

As can be seen in Table 1, certain construction 
variables came into play such as the slope of the 
bottom in the front half, the design of the front 
bridge, and the refractory used in the burner ports. 
Changes made were deliberate in trying to remedy the 
occurrence of metal scabs during a bottom campaign. 
The rise on the bottom (2 in.), the length of the 
burner bridge (3814 in.) , the depth of bath (814 in.) , 
capacity of furnace (34 tons), and the tap tempera- 
ture (2850 F, 1566 C) were held constant. 

The variation of slag control on the bath during 
the series of bottoms reported in Table 1 was not, 
and could not, be planned too far in advance but was 
evolved, bottom by bottom, in the ‘practical attempt 
to find the most suitable slag treatment. Analysis 
of slag was made in the plant laboratory to show com- 
parison of composition between cupola slag and furn- 
ace slag, before and after slag treatment. Several 


methods to be discussed later were tried for best 
sampling procedure. As a result tests were taken daily 
by dipping a |-in, metal rod into the slag on the bath 
at either the test door or skim door area, obtaining 
an 18-in. crust of slag on the rod. The slag was then 
quenched in air, and crushed for analysis. Tests 
were taken at 7:00 a.m. at the skim door to sample 
slag which had been in contact with the refractories 
overnight and which would be closer to equilibrium, 
at 12:45 p.m. about a half hour after slag treatment. 
Cupola slag was sampled midway during cupola oper- 
ation. Unfortunately it was impossible to obtain com- 
plete slag analysis on Bottoms No. 6-53 and 7-53 but 
sufficient test data is available on the previous bot- 
toms to make ample comparisons. 

Treatment varied using combinations of the materi- 
als listed in Table 3. 

The combination of materials used depended on 
the basic experiment during the particular bottom 
and the need for a certain composition dependent on 
operation variables which arose day by day. Such 
treatment was made from a practical standpoint and 
no attempt will be made to discuss slag theory but 
rather discussion will be devoted to observations and 
results, 


Comparison of Type Brick 


Bottom No. 3-53 represents the only bottom of the 
series in which 60-pct alumina brick was used. The 
12 rows of 60-pct, large 9-in. alumina brick were laid 
in the back half of the bottom at the test door-skim 
door area with the idea that since less wear would be 
expected in that area, a cheaper brick of lower alum- 
ina content would give comparable life to the 70-pct 
alumina brick in the front half of the bottom. This 
bottom is compared to No. 2-53 in which 70-pct alu- 
mina, large 9-in. brick was used throughout. 

As can be seen in Fig. 1, temperatures on Bottom 
No. 3-53 ran higher than on No. 2-53 the first three 
weeks of operation in spite of having only one Satur- 
day operation as compared to two Saturday opera- 
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Fig. 2—Graph of maximum daily temperatures comparing effect of size of 70-pct alumina brick on bottom life. 


tions for No. 2-53. This was due to spalling on the 
front half of No. 3-53 early in the campaign leaving 
a metal scab in the bottom over thermocouple areas 
thus raising the temperature. The fourth week of 
operation of each bottom resulted in similar tempera- 
tures, At the end of the fourth week of operation the 
area of 60-pct alumina brick at skim door section in 
Bottom No. 3-53 was spalled at the center of the bot- 
tom, the spalled area being | ft wide and 5 ft long. 
This condition grew worse during the fifth and sixth 
week of operation. When torn out the spalled area 
was 4 ft wide by 5 ft long with only 214 in. of good 
brick remaining as compared to 5 in. of good 70-pct 
alumina, large 9-in. by 3-in. brick remaining in the 
area directly back of tap hole and adjacent to the 
spalled area. 

Life of Bottom No. 2-53 and 3-53 was 27 heats. 
Decision to remove Bottom No. 2-53 was based on 
temperature alone having reached 1930 F (1054 C) 
at the end -of five weeks operation. Bottom No. 3-53 
would have gone another week according to visual 
observations had it not been for the spalled area of 
the 60-pct alumina brick. 


Comparison of Size Brick 


The comparison of size brick during this series was 
confined to the life of 70-pct alumina 9-in. large regu- 
lar 2-14-in. thick brick as compared to 70-pct alumina 
9-in. large, 3-in. thick brick. 

Four rows of the 3-in. brick were laid in Bottom 
No. 2-53 at the skim door area to test quality. Having 
given a satisfactory performance, two-thirds of Bot- 
tom No. 3-53 was laid with 3-in. brick in the front 
portion. As observed before, No. 3-53 would have 
gone another week in the front half. Metal penetra- 
tion at the joints was very slight and less than that of 
the 2-14-in, brick although the good brick remaining 
in both No. 2-53 and No. 3-53 was 4-in. The tempera- 
ture graphs in Fig. 1 offer poor comparison due to a 
metal scab condition in the front half of No. 3-53 
caused by furnace construction difficulties as will be 
seen later. 


Comparing graph for Bottom No. 4-53 with that 
of Bottom No. 5-53 in Fig. 2, it is seen that the 3-in. 
brick in No, 5-53 held up longer than the 2-14-in. 
brick in No. 4-53. Further evidence of this is shown 
that although the temperatures ran evenly the first 
three weeks, this was only so because Bottom No. 
4-53 ran only 4 days per week the first two weeks 
against 5 days per week on No. 5-53. Ordinarily No. 
5-53 should have been hotter. Bottom No. 4-53 was 
badly eroded in the back half due to leakage of 
cupola slag onto the bath. This condition spread but 
did not effect the temperature of the front half which 
is shown on the graph, The sharp departure from nor- 
mal temperature occurred during the fifth week on 
the 20th heat, making further campaign impossible; 
whereas temperatures for No. 5-53 pursued a normal 
course throughout the life of the bottom. 

Comparison of Bottom No. 6-53 and Bottom No. 
7-53 as shown in Fig. 3 reveals the superiority of the 
large 9-in. by 3-in. thick 70-pct alumina brick over 
the 2-14-in. thick brick of the same composition. Nota- 
ble is the comparison during the first four weeks 
of operation. Bottom No. 6-53 was under fire three 4- 
day weeks and one 5-day week. Bottom No. 7-53 was 
under fire on 5-day weeks over the same period of 4 
weeks. Both bottoms at the end of this period had a 
maximum final temperature of 1775 F (968 C) to 
1785 F (974 C) where bottom No. 6-53 should have 
been much cooler by reason of longer shut downs. A 
metal scab developed on the front half of Bottom 
No. 6-53 during the fifth week. This raised bottom 
temperatures considerably until finally at a point just 
over 2000 F (1093 C) during the seventh week the 
bottom came up one day before predicted. Remaining 
good brick over the front thermocouple in No, 6-53 
was 4-14 in. after 29 heats as compared to 5 in. in No. 
7-53 after 34 heats. 


Comparison of Brick Remaining in Bottom After 
Maximum Temperature Has Been Reached 


After each bottom was torn out, the brick directly 
over the thermocouples were carefully measured for 
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Fig. 3—Graph of maximum daily temperatures comparing effect of size of 70-pct alumina brick on bottom life. 


length to be compared with the original 9-in. length. 
The brick was measured for overall length and for 
depth of vitrification, the remaining dimension be- 
ing classified as good brick. This was done in an ef- 
fort to correlate the brick remaining with maximum 
temperatures obtained during each campaign. The 
comparison may be seen in Table 2. 


TABLE 2——-RELATIONSHIP OF BoTromM BrIcK REMAIN- 
ING TO FINAL BoTTOM TEMPERATURE 





Max. Bottom Remaining Good 








Bottom No.of Temperature, °F Brick,* in. 
No. Heats Front Back Front Back 
9 26 1873 1730 — 6 
10 29 1844 4 314 
1] 30 1960 1860 4 5 
1-53 34 1895 1840 3 4 
2-53 27 1930 1860 4 41, 
3-53 27 1955 1820 4 5 
4-53 22 1994 1958 — — 
5-53 36 1976 1806 4 414, 
6-53 29 1974 1811 414, 5% 
7-53 34 1936 1919 5 5 
* This represents total brick remaining minus vitrified portion. 





Contrary to hopes, the comparison between bottoms 
does not reveal that the higher the temperature ob- 
tained, or the longer the campaign, the less brick 
chere is remaining. This suggests that other variables 
are present which account for vitrification and wear. 
It may be noted that in every case except for that of 
Bottom No. 10 there was more brick remaining above 
the back thermocouple than above the front thermo- 
couple, This corresponds to maximum temperature in 
each case showing that for each bottom, the higher 
the temperature the less the length of brick. Bottom 
No. 10 had a bad spall condition over the back ther- 
mocouple. Although no back temperatures were re- 
corded on this particular bottom, it is supposed that 
the maximum temperature at this point would have 
been greater than that recorded at the front thermo- 
couple. Where lengths remaining have been the same 


as in Bottom No. 7-53, the maximum temperature 
reached has been nearly the same. 


Construction Variables 

As listed in Table 1, several changes in construc- 
tion of the furnace were made as conditions, unfav- 
orable to bottom life, presented themselves. 

During the course of Bottom Nos. 9, 10, 11, consid- 
erable spalling action on the bottom brick in the 
front half producec pockets that trapped iron (metal 
scabs) on the bottom. It was decided that excessive 
turbulence from the burner flame as it passed over the 
sharp drop of the front bridge was impinging the bot- 
tom resulting in excessive wear. To remedy this, the 
front slope of the bottom was changed from 1% in. 
per ft to % in. per ft on Bottom No. 1-53. This 
streamlining effect lessened turbulence and elimin- 
ated the metal scab. 

Being aware of the action of sand on brick, the 
authors discontinued on Bottom No. 4-53 the practice 
of sweeping sand on the brick bats, which are laid on 
the surface of the front bridge wall directly below 
the ports. This eliminated the sand from being blown 
onto the bottom by the force of the flame at first light 
off. It also prevented the corrosive slag, produced 
by action of the sand on the brick bats, from dripping 
over the bridge wall to the bottom and resulted in 
less wear of both bridge and bottom. 

Further attempts to streamline the furnace in the 
front half were made by changing construction of 
the two rows in front of the burner bridge as these 
brick were being badly cut and washed during a cam- 
paign. The first change was made on Bottom No. 
5-53 by substituting large 9-in., 70-pct alumina brick 
for the 3 x 6 x 12-in. double fire 50-pct alumina brick 
formerly used. Large 9-in., 70-pct alumina No. 2 
wedges were cemented with heat setting mortar above 
the two courses to act as a fillet. This construction 
proved satisfactory. On the next bottom, large 70- 
pct, 9-in. alumina brick were substituted for the 
wedges and laid on edge, end to end, and against the 
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Fig. 4—Graph of maximum weekly temperatures showing comparison of trend of bottom life on ten campaigns. 


bridge wall at the metal line. These bricks did not 
hold up and were badly eroded. This led to the for- 
mation of a metal scab on the bottom measuring 2 ft 
by 3 ft directly in front of the bridge and ultimately 
was responsible for the bottom coming up. On Bot- 
tom No. 7-53, 70-pct alumina, large 9-in. brick were 
cut diagonally for streamlining and laid, side to 
side, on edge and against bridge. This seemed to re- 
duce flame turbulence and erosion and eliminated 
the scab condition on the bottom. 

It is important that the original contour of the 
burner ports be maintained as closely as possible. This 
prevents deviation of flame direction and cuts turbu- 
lence of the flame on the bottom. On Bottom No. 
5-53, low temperature setting high refractory plastic 
was rammed to form the burner ports replacing the 
high temperature heat setting plastic formerly used. 
This proved more satisfactory. This suggests the use 
of water-cooled ports to maintain permanent contour 
thereby eliminating this important variable. 

Raising the thermocouples from 14 in. to 1% in. 
below the service bottom on Bottom No, 2-53 resulted 
in raising bottom temperatures about 50 F. 

The importance of warp-free brick and good bot- 
tom construction must be emphasized. Although Bot- 
tom No. 4-53 showed damage from cupola slag which 
leaked onto the bath from the cupola dam, it- was 
felt that this damage should not have been solely 
responsible for low bottom life of 22 heats. As a 
remedy, construction on Bottom No. 5-53 was planned 
so that the side walls could be put in on one day, 
leaving a second day to devote completely to laying 
the bottom. Every brick was carefully inspected and 
construction was supervised by four competent super- 
visors. The fact that the life of Bottom No. 5-53 was 
36 heats can be attributed partially to this effort. 

In methods to prevent erosion and scabbing of the 
front half of the bottom, the authors believe that 
much still can be done to correlate burner port and 


front bridge design with side wall construction by in- 
creasing refractoriness of and streamlining these com- 
ponent parts. 

One factor contributing to the formation of the 
metal sca on Bottom No. 9 which ran 26 heats was 
the manner of striking off the sand over the sub- 
bottom, preparatory to laying the bottom brick. It 
is believed that the strike-off board slipped on one 
row of brick forward of the tap hole area leaving a 
low spot to trap iron and prevent it from properly 
draining. This trapped iron attacked the bottom 
brick and increased the metal scab condition found 
in the front half of bottom. 

Observance of small pools of trapped iron at vari- 
ous spots on a bottom led to investigation of bung 
mud. It was found when mudding bungs on a new 
furnace that occasionally globs of bung mud fell be- 
tween the bungs onto the bottom. This dropped bung 
mud tended to flux the bottom brick making small 
low spots to trap iron. 

A practice was started during the course of these 
tests to sweep the finished new bottom with a mixture 
of 70-pct alumina fine grog and water to seal the 
joints of the brick. The grog material, being of the 
same composition as the brick, was thought to be the 
least reactive to the bottom brick, and thus would re- 
duce metal penetration at the joints. The method has 
proven satisfactory. 


Intermittent Operation 


In general, life of the bottom was increased during 
campaigns which had 3 or 4-day shut downs over a 
week end thus verifying previous work.1 On Bottom 
No. 1-53 after a 4-day shut down the bottom cooled 
to 129 F (54 C) during that period and the maximum 
daily temperature increased only 43 degrees during 
the following week of operation. On the same bottom 
after a 1-day shut down over a week end the bottom 
cooled to 500 F (260 C) and maximum temperature 
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increased 142 degrees during the following week of 
operation. This is compared to an average weekly 
rise of 100 F at this stage of a campaign. On Bottom 
No. 2-53, the two successive six-day weeks of opera- 
tion, where the bottom cooled to only 500 F (260 C) 
over each week end, resulted in a loss of at least 
three days of operating life. It is seen in Fig. 2 that 
Bottom No. 4-53 cooled to a lower temperature than 
did No. 5-53 after the first three week ends. This is 
aturiputed to the 4-day operation of No. 4-53 as com- 
pared to the 5-day operation of No. 5-53. Likewise, 
the fifth week of operation of Bottom No. 7-53, shown 
in Fig. 3, being only three days, did much to guaran- 
tee the 34 heat life of this bottom. 

In general, it may be stated that over a 2-day week 
end the bottom will cool to 300 F (149 C) while 
over a 3-day week end it cools to 200 F (93 C). This 
figure varies slightly with outside temperatures at the 
time. 

Miscellaneous Observations 

During the tests on bottom temperature measure- 
ment over the last 26 months of operation, the au- 
thors have relied more and more on bottom tempera- 
tures, and decisions to remove bottoms are now based 
to a great extent on temperature and departure from 
normal trends in temperature rise. 

As seen in Fig. 4, furnace bottoms run cooler in 
winter than in summer because of the greater cooling 
overnight and over week ends due to lower outside 
temperatures in winter. 

Bottom No. 6-53 came up one day before predicted 
because of the metal scab condition in the front 
half, proving that visual observation of a bottom is 
quite essential when abnormal conditions arise. 

The maximum limit of 2000 F (1093 C) has proven 
to be a safe operating limit where no serious visible 
defects such as metal scabs due to spalling, erosion, 
etc., are present. 

The back half of the bottom runs cooler than the 
front half unless a scab or spall condition over the 
back thermocouple erodes the brick and raises the re- 
tained temperatures. Such was the case on Bottom No. 
7-53 on the last week of operation. (See Table 2). 

Observance of refractory erosion suggests that any 
overall furnace construction aimed toward stream- 
lining with respect to flow of combustion flame and 
gases will improve refractory life. 


Preliminary Discussion of Slag Control 


Early study of slag analysis and reactions of slag 
in the furnace indicated that Al,O; and particularly 
CaO would be the slag constituents of primary inter- 
est. It was decided that materials used for slag treat- 
ment should be similar to analysis of the fire brick 
with respect to Al,O; and CaO in order to prevent 
excessive corrosion of refractories. For this purpose it 
was further decided that 40-pct alumina grog (crush- 
ed fire brick) would be a suitable ingredient to use 
with the cupola and furnace slags always at hand. 

Initial experimental work showéd when straight 
grog was used for slag treatment on the bath, the re- 
sultant slag was too viscous, It was therefore decided 
to mix lime with the grog before treatment of the 
bath. Dehydrated lime was not available so hydrated 
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lime was tried and proved to be satisfactory. The 
amount of lime to be mixed with the grog was cal- 
culated to obtain a 5, 10, or 15-pct CaO in the final 
mix. This will be referred to as 5-pct, 10-pct, or 15- 
pct grog in tables and further discussions. 

Experience with sand on the front bridge of the 
furnace and on the bottom dictated that no sand be 
used in experimental slag treatment. Tests on Bottom 
No. 3 (1952) as reported in a previous paper! showed 
that the bath treated with sand on the first week of 
operation resulted in a bad cobblestone effect of the 
furnace bottom after the first week of operation. 
Treatment of the bath on Bottom No. 5 (1952)! with 
a mixture of sand and crushed cupola slag on the first 
week of operation also led to bad cobblestone effect 
on the bottom. This bottom had a short life of 15 
heats. 


Cupola and Furnace Slag Analyses 


The slag analyses of Al,O,; and CaO of average 
cupola and furnace slags listed in Table 4. This rep- 
resents slag produced previous to work presented on 
series of tests on Bottom No. 8 through Bottom 
No. 7-53 in this paper and compares with analyses of 
the cupola slag produced during the course of this 
experiment. Prior to these tests the CaO content of 
the furnace slag before addition of molten cupola 
slag was somewhat higher. It was considerably high- 
er after the molten cupola slag covered the bath. 

The supposition is made in these comparisons that 
Al,O; can only come from the refractories in the cu- 
pola and air furnace and that CaO is mainly derived 
from the flux and limestone used in the cupola 
charge. The fact that 4 to 114 pct CaO is present 
in bottom brick upon manufacture prevents total 
elimination of CaO in the slag on the bath. 

When slag control went into effect on Bottom No. 
8 comparatively slag-free baths of iron in the furnace 
on the first heats on a new bottom were covered with 
suitable composed slag mixtures to prevent excess 
reduction of carbon in the bath. This resulted in a 
savings of approximately 500 lb of petroleum coke 
normally used for carbon addition. The slag treat- 
ment varied from 200 to 470 lb of material. 

During the course of these experiments a problem 
with labor used to skim off the furnace was recog- 
nized. When slag on the bath was too thick there was 
a tendency to thin the slag with concentrated flux. 
This practice persisted until such time as the skim- 
mers could be sold on the benefits of the slag treat- 
ment after which less and finally practically no con- 
centrated flux was used on the bath. This presented a 
variable in that more concentrated flux was used than 
necessary on the first bottom campaigns. 

The use of molten cupola slag to cover the bath 
prior to this series of tests presented undesirable vari- 
ables often not recognized. Such was the case on Bot- 
tom No. 6 (1952) which came up after 11 heats be- 
cause of severe corrosive action of slag on the brick. 
On June 17, 1952, during the course of this bot- 
tom, a test was run on the cupola using | pct cal- 
cium carbide in the cupola charge. The cupola slag 
produced and later used to cover the furnace bath 
contained 40 pct CaO. This content was nearly as 
high in CaO as the slag produced in basic refractory 
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TABLE 3—SLAG TREATMENT 
Heat Nos. On Which 
Bottom Heat Furnace Cupola 5%,* 10% 15% Concentrated 
No. No. Slag Slag Grog Grog Grog Grog Flux Used 
8 1-8 100% 5,6,7,8,23 
9 100% 
10-11 100% 
12-30 75% 259; 
9 1-2 50% 50% 8,9,10,11,18 
3-6 75% 250; 
7 50% 50% 
8-9 100% 
10-26 75% 25%, 
10 ; 70% 30%, 4,10,11,13,17,20,25 
2-3 100%, 
4 75% 25%, 
5-7 100%, 
9-29 50%, 50% 
il l 145 Ib 200 lb ~—s6,,8,9,12,17,22,27 
2 70 lb (Mostly Monday Heats) 
6 25 Ib 20 Ib 
8 80 lb 
14-30 50%, 50°, 
Yotal 765 1b 860 1b 230 Ib 
1-53 1-4 100% 
5 50% 50% 
6-8 100% 
9-11 50% 50% 
12-17 100% 
18 50% 50% 
19-30 100%, 
Total 235 1b 1030 Ib 
2-53 1-4 100% 
5 100% 
6 25% 75% 
7-15 100%, 
16-27 50% 50% 
Total 5501b 705 Ib 1335lb None 
3-53 1 100 Ib 5701lb = 20,21,22 
2-7 35% 65% 
8-12 100% 
13-27 35% 65% 
Total 685 lb 1900 Ib 80 Ib 
4-53 l 520 lb 
2-11 1007 
12-18 20%, 807% 
90-22 100 Ib 
Total 155 1b 1730lb None 
5-53 l 390 Ib 14 
3-17 100% 
18-20 85% 15%, 
21-22 100% 
23 100% 
24-25 100% 
26 100% 
27 100% 
28-31 100%, 
$2 200 Ib 20 Ib 501 
33-36 100% 
Total 2010 lb 140 Ib 3110 Ib 10 lb 
6-53 ] 550 Ib 
2 250 Ib 50 lb 
3-29 100% 
Total 2260 Ib 50 lb None 
7-53 l 610 Ib 
2-34 100% 
Total 1850 Ib * Denotes pet CaO in Grog 
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Bottom Test door 4 hr after Cupola Out Skim Door 7:00 A.M. Cupola Slag Last of Heat 
No. “SiO, MnO Fe,O, Al,O, CaO SiO, MnO Fe,0, Al,O, CaO “SiO, MnO Fe,0, Al,O, Cad 
8 Aver. 44.8 10.3 88 28.8 7.3 41.8 11.1 10.2 322 4.7 52.3 4.3 5.5 129 25.0 

High 49.5 13.0 155 335 13.5 45.0 13.5 16.0 35.5 10.5 57.5 75 185 240 335 
Low 41.5 6.0 4.5 24.0 1.0 28.0 7.0 6.5 28.0 3.0 47.5 2.5 3.0 10.0 5.0 
9 Aver. 45.4 10.0 66 29.5 8.6 42.9 10.6 96 31.4 5.5 
High 51.5 12.5 11.0 340 15.0 48.5 12.5 14.0 35.0 13.5 
Low 40.0 7.0 $5 22 20 40.5 50 40 265 25 Midday Sample 
10 Aver. 45.4 11.3 74 26.0 99 43.1 11.1 10.0 28.1 7.6 49.8 4.7 3.8 95 $2.1 
High 51.5 14.0 13.0 320 19.0 49.5 12.5 125 33.0 13.0 55.5 6.0 6.0 12.5 35.5 
Low 40.5 5.5 4.0 16.5 4.0 39.0 95 70 21.0 3.0 46.0 3.0 2.0 7.0 25.0 
ll Aver. 45.3 11.0 6.8 28.8 8.1 41.4 11.7 96 31.5 5.8 
High 52.0 13.5 95 320 145 450 140 115 35.0 115 
Low 42.5 9.0 45 15.5 4.5 37.5 9.5 70 29.0 3.0 
Skim Door Test Coor 7:00 A.M. 
Aver. 43.7 11.9 78 278 8.8 41.5 11.3 11.0 29.6 6.6 
High 4975 145 125 33.0 225 440 140 140 320 160 
Low 37.5 10.0 4.0 16.5 2.5 39.0 6.0 6.0 26.0 4.0 
1-53 Aver. 475 102 5.7 260 10.6 Cupola Slag Aver. 51.0 4.0 55 120 275 
High 538.5 120 100 320 145 April 1952 High 54.5 6.8 85 15.1 316 
Low 44.0 7.5 3.0 21.5 75 25 Tests Low 45.5 2.5 3.1 70 205 
Skim Door 
Aver. 50.0 9.8 59 24.5 98 Cupola Slag Aver. 48.2 4.0 3.9 148 28.6 
High 570 15 WMO 310 145 March 1952 High 58.5 4.3 59 174 33.3 
Low 45.0 8.5 40 20.0 5.0 6 Tests Low 42.7 3.9 4-22 BS 
2-53 Aver. 47.2 10.0 $i DBS 9.4 Furnace Slag Aver. 41.3 8.1 15.7 29.6 4.7 
High 505 185 125 320 115 March 1951 High 44.0 96 179 34.2 78 
Low 45.0 8.0 6.0 21.0 6.5 6 Tests Low 37.8 6.7 142 253 25 
3-53 = Aver. 67 105 %%2 BS 97 Furnace Slag Aver. 713 56 188 238 71 
High 48.0 12.5 10.0 300 120 Before Cupola High 50.0 10.5 17.0 340 120 
Low 44.0 8.0 $5 25.0 5.5 April 1952 Low 39.0 3.5 95 23.0 6.0 
4-53 Aver. 46.8 13.9 8.2 23.8 7.2 Furnace Slag Aver. 50.5 40 110 23.1 114 
High 49.5 16.5 115 8626.5 10.0 After Cupola High 56.5 6.0 14.0 29.5 18.5 
Low 44.0 11.5 6.0 21.0 4.0 April 1952 Low 48.0 3.5 7.0 16.0 6.0 
5-53 Aver. 464 109 SS 297 6.8 Sidewall Brick Aver. 55.5 25 38.5 5 
High 49.5 13.0 155 31.0 11.5 (16.0) High 57.0 $8.5 20.0 8 
Low 45.0 9.0 $5 23.0 3.5 Low 54.0 15 $7.0 & 
(9.0) 
6-53 Aver. 472 113 10.1 24.1 7.3 Bottom Brick Aver. 23.0 2.75 70.0 95 
High 53.0 14.0 125 29.5 9.0 High 25.0 $5 720 1.3 
Low 43.0 5.9 75 19.0 4.0 | 21,0 2.0 68.0 all 





operation on another unit in the authors’ plant and 
certainly should not have gone unrecognized. The 
controlled analysis and amount of slag used to cover 
bath during the present experiments does much to 
eliminate variables of this type. 


Slag Treatment Series 


Bottom No. 8—Slag treatment started out with 
straight crushed furnace slag as seen in Table 3 but 
after eight heats of this treatment the slag became too 
viscous and crushed cupola slag was used on No. 9 
heat to thin the slag on the bath. Thereafter a com- 
bination of 25 pct cupola slag and 75 pct furnace slag 
was used and seemed to produce a slag that could 
be more easily skimmed. In addition, concentrated 
flux was added to bath on heat Nos. 5, 6, 7, 8, and 23 
to further thin the slag. Analysis of CaO shown in 
Table 4 is comparatively low. 

Bottom No. 9—A mixture of grog and furnace slag 
comprised the first two days treatment. It was neces- 
sary to use a mixture of cupola slag and furnace slag 
to thin the slag on the next three heats. Another day 
of treatment with straight grog and’ furnace slag led 
to the development of a grog to which hydrated lime 
was added to give a 5 pct CaO content in the grog. 
Next two heats using nothing but 6 pct grog for 
treatment produced a slag too viscous and led to a 


combination of 75 pct hand-picked cupola slag and 
25 pct 5-pct grog which was then used for the dura- 
tion of the bottom. The cupola slag picked was all 
dark slag as it was believed that total bases in this 
type would be lower. Concentrated flux was added to 
thin slag on Heats 8 and 9. Averages for Al,O; and 
CaO were slightly higher on this bottom than those 
for No. 8. 


Bottom No. 10—On the first heat, 80 lb of 70-pct 
alumina grog was added to the bath. This was done 
on the basis that this same grog had been used to 
sweep the bottom and had shown no ill effects. Being 
of the same composition as the bottom brick it was 
hoped that slag reaction with the bottom might be 
reduced. This slag proved too sticky to work so 240 
lb crushed cupola slag had to be added to thin the 
slag. Five-pct grog was added on the next two heats. 


On Heat 4 it was necessary to use cupola slag 
with the 5-pct grog. A 15-pct grog was then developed 
to get away from using so much cupola slag in the 
slag mixture. After three heats, using this grog, it 
was still necessary to use cupola slag in the mix be- 
cause the operators thought the slag on the bath too 
sticky to skim. Considerable concentrated flux was 
used particularly on Monday mornings for the same 
reason. This again was a difficulty in educating the 
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operators to the plan. The resultant CaO average 
(Table 4) was higher than that on Bottom No. 8 
and 9. 

Bottom No. 11—From experience with Bottom No. 
10 the bath on the first heat was covered with 15 
pct grog but cupola slag was added with the grog to 
maintain fluidity in slag. There was a possibility on 
the first heats of this campaign that the temperature 
of the bath was too low at that hour of the morning 
to produce a fluid enough slag with grog alone. Entire 
treatment in Bottom No. 11 was confined to mixtures 
of 15 pct grog and cupola slag. (Table 3). Concen- 
trated flux continued to be added on Monday morn- 
ings. 

Slag samples were taken at the test door and the 
skim door 14 hr after the cupola was out and again 
at 7:00 a.m, the following morning. The test compari- 
son as shown in Table 4 gave an 8.1 pct CaO at test 
door as against an 8.8 pct CaO at skim door. The 
figure of 8.8 pct is high by 0.5 pct due to the high 
percentage of CaO (22.0 pct) in the slag on the first 
heat of this bottom, this percentage being figured in 
the average. This high percentage CaO is believed to 
have been caused by a leakage of cupola slag into 
furnace just prior to test. The other comparison at 
7:00 a.m. showed a 6.6 pct CaO at the test door as 
against a 5.8 pct CaO at the skim door. These per- 
centages were so close that tests from here on were 
taken at either door dependent on amount of iron 
in the furnace and ease of sampling. 

Bottom No. 1-53—Experimental work on Bottoms 
No. 8, 9, 10, and 11 was largely trial and error. It 
became evident that a CaO content as low as 2.0 to 
3.0 pct in treated slags which had been under fire 
the previous afternoon and during the early morning 
before skim time were much too viscous and had to 
be treated with concentrated flux to thin it. It was 
found that slag treatment 14 hr after the cupola was 
out must include enough CaO to offset having such a 
viscous slag the next morning. 

Commencing with Bottom No. 1-53, slag treatment 
included enough lime to test between 8 to 10 pct CaO 
after treatment. (Table 4). On only one Monday 
morning heat during the entire bottom life was it 
necessary to add concentrated flux. This may have 
been due to excess refractory rubbish left on the bot- 
tom during week end repair. Operators were becom- 
ing adjusted to the plan of slag treatment and started 
skimming off earlier in the morning. 

On this bottom, slag tests were again taken at the 
test door and at the skim door for verification of 
previous results. The average CaO content at the 
test door was 10.6 pct and at the skim door 9.8 pct. 
This again was felt close enough for commercial con- 
trol. 

Bottom No. 2-53—The bottom was covered with 15 
pct grog on the first heat. No cupola slag was neces- 
sary. Since supply of grog was depleted after the 
fourth heat, a composition of furnace and cupola 
slag was used through Heat No. 15. The campaign 
was then finished with a mixture of cupola slag and 
15 pct grog. The CaO content as seen in Table 4 
was slightly lower than that on Bottom No. 1-53 and 
the range between high and low CaO content over 
the entire bottom was narrowed down indicating 
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closer control. On the last heat, molten cupola slag 
was deliberately run on the bath to permit easier 
draining of slag from the furnace preparatory to tear 
out and to double check CaO content in furnace slag 
after this treatment. This slag analyzed 15.5 pct CaO, 
this figure not being included in the average for the 
bottom, Table 4. This again shows how cupola slag 
can raise the corrosive CaO content in slag on 2 
furnace bath. 

Bottom No. 3-53—The slag treatment was carried 
out similarly as the latter heats of Bottom No. 2-53. 
The amounts of 15 pct grog and cupola slag were de- 
pendent on daily conditions and requirements. 


Bottom No. 4-53—Treatment was confined to 15 pct 
grog with the exception of seven heats where small 
additions of cupola slag were made because heavy 
additions of grog were proving too viscous. As ex- 
pected, the CaO average in the slag dropped to 7.2 
pct. Two bad leaks of the cupola dam on the fourth 
and sixth heat allowed considerable molten cupola 
slag to cover bath. The cupola slag attacked the bot- 
tom in the back half and produced serious spalling 
and gulley effects in the center of the furnace. This 
emphasizes the importance of close control of slag 
on the bath early in a bottom campaign. Attempts 
were made to dilute the cupola slag on the fourth 
heat by adding straight grog but apparently serious 
damage had already been done. Nothing was added 
on Heat No. 6 where the better course of action 
would have been to skim off deleterious cupola slag 
and replace with slag of more suitable slag composi- 
tion. 

Bottom No. 5-53—It was felt that 15 pct grog was a 
little richer in lime than needed so grog additions 
were made with 10 pct lime for the first 17 heats. 
In order to observe behavior of slag on the bath as 
compared to production conditions in the foundry, 
and as a check on previous tests using furnace slags, 
the slag treatment was changed to mixtures of fur- 
nace slag and cupola slag, with three exceptions 
where grog was again used. On Heats 27 and 32, 
grog was used to counteract molten cupola slag which 
had leaked onto the bath. Heat No. 27 was a serious 
leak and efforts to counteract with 120 Ib straight 
grog proved beneficial as no damage was observed 
on bottom brick. On heat No. 32, the leak was 
thought not too serious and counteracting treatment 
was made using 20 lb straight grog, 50 lb of 10 pct 
grog, and 200 Ib furnace slag. This apparently was 
not enough to reduce the lime in the resultant slag 
to the desired level as analysis showed a 16.0 pct 
CaO content. The average CaO content on this bot- 
tom reached a low point of 6.8 pct. 


Bottom No. 6-53—Ireatment was confined to fur- 
nace slag additions. On seven heats no slag treatment 
was required. This was probably due to the use of 
more oxidizing flames in firing the furnace as dic- 
tated by production conditions which in turn caused 
more severe brick wear with resultant higher quan- 
tities of slag on the bath. As seen in Table 4, the 
average CaO contents were the same on both Bottom 
No. 8 and this bottom, both being given similar 
slag treatment. This bottom failed on the 29th heat 
due to front bridge construction. 








a 3 coe a See 
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Bottom No. 7-53—Slag treatment was similar to that 
on Bottom No. 6-53 in that all furnace slag was 
used. During the period of this bottom, humidity 
was considerably lower thus allowing better cupola 
operation with less coke consumption and lower 
cupola carbons. This called for carrying more slag 
on the bath to prevent excess carbon reduction in 
the furnace. Slag added to the furnace after the 
cupola was out was considerably less and on nine 
heats no slag treatment was necessary. No slag analysis 
is available at the time of this writing but it is ex- 
pected that analysis will be similar to that of Bottom 
No. 6-53. 


Metal and Slag Reaction on 70-Pct Alumina Bottom Brick 


A significant reaction test was made on 70-pct 
alumina bottom brick comparing materials which 
had come in contact with the bottom brick during 
the series of campaigns described above in this paper. 
(Fig. 5 and Fig. 6). 





Fig. 5—Slag reaction samples. No. 1: Hard iron crush- 
ings; 2.45% C, 1.10% Si, 0.50% Mn, 0.15% S. No. 2: 
Cupola slag; 52.5% SiO., 4.5% MnO, 5.5% Fe,0;, 11.5% 
Al,O;, 26.0% CaO. No. 3: Air furnace slag; 42.0% SiO, 
10.6% MnO, 9.5% Fe,O,, 32.4% Al,O;, 5.6% CaO. 





Fig. 6—Slag reaction samples. No. 4: 40-pct alumina 
grog containing 10 pct CaO. No. 5: 70-pct alumina grog 
containing 10 pct CaO. 


Holes 34-in. in diameter were drilled in the sample 
brick to a depth of 34-in. The holes were filled with 
the proper reacting materials and samples were fired 
for 5 hr at 2912 F (1600 C) in a gas-fired furnace. 
The bricks were then sawed to bisect the holes for 
examination. 

The hard iron crushing in Sample No. 1 oxidized 
in the furnace atmosphere and the resulting FeO 
violently reacted with the brick as seen in Fig. 5. 
This can be compared to the small pools of metal 
left on a bottom overnight reacting against bottom 
brick. The cupola slag in Sample No. 2 reacted with 
the brick considerably more than the furnace slag 
in Sample No. 3. This is in relation to the 26.0 pct 
CaO content of the cupola slag as compared to the 
5.6 pet CaO content of the furnace slag. It verifies 
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similar reactions noticed in actual melting and slag 
control practice. 

In Fig. 6, the reaction of 40-pct alumina grog con- 
taining 10 pct CaO in Sample No. 4 is greater on the 
70-pct alumina bottom brick than is the reaction of 
70 pct alumina grog containing 10 pct CaO in Sample 
No. 5. This suggests that any grog used in slag con- 
trol should be of the same basic composition as the 
bottom brick in the furnace in order to keep reaction 
tendencies at a minimum. 


Comments on Slag Control 


Slag treatment on the first days of operation on a 
new bottom are vitally important to overall life of 
the bottom. Close control of basic materials such as 
CaO must be maintained to prevent corrosive action 
on the refractories which have not had sufficient 
time at temperature to vitrify. 

On days where little or no treatment is necessary 
because sufficient slag of suitable composition was 
already present to cover the bath, slag analysis indi- 
cates that this slag was created mainly from the 
brick, and not from the*iron. This is borne out by 
the fact that the Fe,O, and CaO contents in the slag 
remained low leaving ample leeway for the A1,O, 
content to attempt to approach equilibrium. 

It was found in counteracting cupola slag which 
had leaked into the furnace that grog served a better 
purpose than did furnace slag. This treatment was 
used to dilute the CaO content of the cupola slag. 
Grog has a lower CaO content than furnace slag and, 
when introduced, creates a less fluid slag than does 
addition of furnace slag, thus preventing a spread 
of the cupola slag to the front of the furnace. This 
remedy calls for prompt action, Sometimes it is bet- 
ter to skim off the cupola slag at once and follow 
up by treatment with a prepared slag of suitable com- 
position. 

It was noticed on several bottoms that the CaO 
content after slag treatment was higher than normal. 
Whether this has a relation to a metal-refractory re- 
action during initial fill up of the furnace remains 
to be seen and is only mentioned here as an obser- 
vation for future reference. 

Slag treatment must vary according to operating 
conditions. Composition of a slag on a bath is con- 
stantly changing in attempt to reach an equilibrium 
never obtained. All treatment must then be pri- 
marily based on experience and observation of over- 
all conditions as was done during this series of tests. 
Analysis of slag therefore served as a check. 

During the course of the above tests it was found 
that both grog and furnace slag treatments proved 
satisfactory. It can be assumed that grog would serve 
a better purpose, being in harmony with brick 
analysis, to neutralize the slag being treated provided 
a suitable basicity be maintained for slag fluidity. 

The CaO content appears to be of primary import- 
ance and must be controlled. It cannot be eliminated 
as it is present in the refractories nor have the authors 
at present writing found a better substitute to fulfill 
the purpose of maintaining slag fluidity. 

In the authors’ opinion the alumina (A1,O;) con- 
tent of the slag on the bath is a function of the time 
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that the slag is in contact with the brick in the fur- 
nace at a given temperature. It was observed that 
alumina contents in the slag increased after the slag 
remained in the furnace overnight. 

Analyses of SiO., MnO, and Fe,QOs, as seen in Table 
4 were made as a basis for complete study, but no 
attempts have been made to correlate these analyses 
with findings in this paper. Analyses are listed for 
readers’ benefit and future reference. 


TABLE 5—COMPARISON OF BoTtTTroM LIFE BEFORE AND 
AFTER CONTROLLED SLAG TREATMENT 








Bottom No. Date Total Tons Aver. Heats Aver. Tons 
On Bottom Per Bottom Per Heat 

0 through 7 11-19-51 15164 20.4 93 

(Before) to 7-24-52 

8 through 7-53 7-28-52 28118 29.6 87 

(After) to 12-11-53 





As can be seen in Table 5, benefits have been de- 
rived from controlled slag treatment in the authors’ 
plan. With the average tons per heat nearly constant 
over the 25-month period of this total experimental 
work it can be seen that bottom life has been in- 
creased approximately 50 pct during the latter period 
of 15 months using slag control on the bath. 


Firing Time vs Bottom Life 


It is assumed by the authors that bottom life of 
a duplex unit is a direct function of firing time at 
a given temperature above the vitrification point of 
a given brick regardless of total tonnage produced 
on a given bottom. Attempts were made using exist- 
ing data to correlate firing time with bottom life by 
comparing days of operation, weeks of operation, 
total and average tons per bottom, total and average 
gallons of oil used per bottom, total and average 
firing time per bottom, total and average pouring 
time per bottom, gallons of oil used per hour, gal- 
lons of oil used per ton, tons producing per firing 
hour and average tons poured per hour. Of all com- 
parisons, total firing time on 70-pct alumina bottom 
brick at a constant range of tap temperature is the 
only factor which varied directly with bottom life 
with the slight exceptions of Bottoms No. 11, 8, 10 
and 6-53 listed in that order in Table 6 according 


TABLE 6—FirinG TIME vs Bottom LIFE* 





Total Heats Bottom Total Firing Total Tons Tons Per 





on Bottom No. ‘TimeonBottom,hr onBottom Heat 
36 5-53 531 3247 90 
34 7-53 505 3235 95 
34 1-53 491 2747 81 
30 ll 432 Due to 2233 74 
30 8 419 Other 2347 78 
29 10 435 Variables 2344 81 
29 6-53 433 2462 85 
27 2-53 393 2921 109 
27 3-53 388 2423 90 
26 9 375 2057 79 
22 4-53 327 2102 96 
18 7 267 1712 95 


* 70-pct alumina large 9-in. bottom brick used on all bottoms 
compared. Furnace tap temperature range, 2845 F to 2855 F. 
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to bottom life. It is noticed however that these four 
bottoms as a group fall into line in Table 6 and 
have had lives of 30 and 29 heats. 

In order to arrive at a standard factor to determine 
bottom life on a given brick according to firing time 
at a given temperature, many variables present in 
commercial production must be held constant. Since 
this is practically impossible, factual evidence should 
be produced on a laboratory basis to be compared 
with production practice with allowance for variables. 

Some of the variables which must be taken into 
account are 1) preheat time on the furnace before 
given temperature is reached, 2) temperature differ- 
ence of cupola metal and furnace metal, 3) degree 
of variation of bath level in the furnace, 4) degree 
of intermittent operation, 5) the type of slag on the 
furnace bath, and 6) type and method of furnace 
construction. 

The above variables in the authors’ opinion are 
felt to be the reason that the four bottoms listed 
above do not line up with total firing times listed 
for all bottoms in Table 6. 


Cost Comparison 


Refractory costs expressed as 9-in. equivalents per 
ton were kept for each bottom and are compared 
in Table 7. It can be seen that the cost of refrac- 
tories per ton of metal melted has in every case ex- 
cept for Bottom No. 9 been lower than the average 
of Bottoms No. 0 through 8 which comprised 10 
months of previous experimental work. In general 
this reflects the result of longer bottom life. Costs 
on Bottom No. 9 were high because of two sidewall 
patches and because of low tonnage. Figures on Bot- 
toms No. 10 and 11 are high because of low tonnage 
while the figure for Bottom No. 2-53 is low because 
of high tonnage. The cost on Bottom No. 4-53 is 
low in spite of short bottom life because there was 
no sidewall replacement during that campaign. 

No record was made of labor costs as no major 
changes were made in construction methods on the 
bottom and labor costs per bottom were nearly the 
same in each case. 

The large 9 x 634 x 3-in. brick costs no more per 
bottom than does the 9 x 634 x 214-in. but labor 
costs are slightly reduced as there are less brick to lay. 


TasBLE 7—Cost DATA 








9-in. 
Tons Equivalent 

Bottom No. No. Heats Total Tons Per Heat per Ton 
0 through 8 193 17511 91 6.15 
9 26 2057 79 6.23 
10 29 2344 81 5.67 
11 30 2233 74 5.67 
1-53 34 2747 81 4.17 
2-53 27 2921 109 3.74 
3-53 27 2423 90 4.73 
4-53 22 2102 96 4.03 
5-53 36 3247 90 3.39 
6-53 29 2462 85 5.34 
7-53 34 3235 95 3.11 


Note: 9-in. equivalents per ton represent materials for service 
bottoms, side walls, bungs, tap block assembly and re- 
placement of any of these component parts during life 
of bottom. 
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Conclusions 


In the authors’ opinion the following conclusions 


can 


l. 


ho 


be made based on study thus far. 

70-pct alumina bottom brick are superior to 60- 
pct alumina bottom brick where slag relatively 
high in CaO content must be maintained on 
the furnace bath. 


. Comparing large 9-in. bottom brick, the 3-in. 


thick brick are superior to the 214-in. brick be- 
cause of less joint exposure and wear resulting 
in lower bottom temperature. 


. For each bottom, the higher the maximum tem- 


perature recorded the less the good bottom brick 
remaining. 


. Excess furnace flame turbulence caused by faulty 


firing ports or poorly streamlined front bridge 
walls can spall the bottom brick in the front 
half of the furnace. This leads to metal scabs 
on the bottom and lower bottom life. 


. Adjusting the slope of the front half of the 


bottom to better coincide with the angle of 
flame impingement on the bottom will reduce 
or eliminate spalling of the bottom brick. 


. Controlled slag treatment on an oil-fired furnace 


bath is a major factor and increases bottom life 
with resultant lower refractory cost per ton. 
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. Proper precaution to prevent cupola slag from 
draining onto the furnace bath is vitally import- 
ant. In case cupola slag leaks onto the furnace 
bath, prompt counter-treatment with grog 
(crushed firebrick) will serve to dilute the CaO 
present in the slag and will prevent damage to 
the bottom. 

8. Data and results given in this paper justify in 

the authors’ opinion future experimental work 

along the lines presented in efforts to further 
increase bottom life. 
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BERYLLIUM IN MAGNESIUM DIE CASTING ALLOYS 


By 


F. L. Burkett* 


Beryllium is performing a useful function in the 
manufacture of magnesium die castings.? It has been 
used specifically in magnesium die castings by some 
foundries for 15 or 20 years, but little data have 
hitherto been published regarding the advantages, 
methods of addition and general behavior with re- 
spect to die castings. Minute quantities (0.0003 to 
0.001 per cent contained beryllium) significantly re- 
duce oxidation of molten magnesium alloys during 
melting, transfer and ladling operations, The recom- 
mended* metal melting and handling practices re- 
quiring flux and sulfur dioxide protection are not 
displaced but supplemented by this application of 
beryllium. Melt losses have been reduced as much as 
one-third in normal melting operations. 

The unique ability of beryllium to suppress oxi- 
dation of molten magnesium has been reported by a 
number of observers.*-!© Keil,® by special spectro- 
chemical technique, observed a concentration of beryl- 
lium at the surface of a magnesium casting and an 
impoverished zone immediately below in which the 
beryllium was lost through diffusion. it has been 
hypothesized that protection from oxidation results 
from the formation of an apparently tight, dense, 
elastic film of beryllium oxide possessing a high sur- 
face tension at the melt surface which prevents air 
from contacting the molten magnesium and in addi- 
tion strongly suppresses vaporization of the metal. 


Alloying Material 


Extensive tests have been conducted to evaluate 
the alloying potential of more than a score of beryl- 
lium sources. Metallic beryllium; hardeners of vari- 
ous combinations of aluminum, copper, magnesium 
and beryllium; and a number of salts of beryllium 
were evaluated on the basis of ease of alloying and 
per cent of retained beryllium. None of the materials 
emerged as exceptional. Hardeners of principally 
aluminum and beryllium eventually evolved as most 
satisfactory. A 90% Al-5%Mg-5% Be composition 
has received wide acceptance. 


*Metallurgical Laboratories, The Dow Chemical Co., Midland, 
Mich. 
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Alloying Procedure 


Beryllium in the form of a hardener may be 
alloyed to molten magnesium in the same manner 
as the usual metallic additions of aluminum and zinc. 
The weighed and preheated charge is “washed” into 
the melt by suspending it just below the surface in a 
ladle or porous alloying basket while the melt is 
stirred about it. 

An addition of 0.0018 to 0.002 per cent by weight 
of contained beryllium is usually ample to effect a 
nominal content of 0.0007 per cent beryllium in the 
alloy. An alloying efficiency of 40 per cent may be 
expected in normal operation. When alloying bery!- 
lium in magnesium in a pot for the first time, about 
twice the normal addition is required to “‘saturate” 
the pot. Only 10 to 15 per cent alloying efficiency may 
be realized for the first charge of metal in a new 
pot, After the first and perhaps second pot has been 
alloyed, the normal beryllium addition will be 
sufficient. 

Considerable variation exists in the reported solu- 
bility of beryllium in magnesium.*: 11, 12 For the com- 
mon magnesium-base die-casting alloys—AZ91A and 
AZ91B (nominal 9% Al, 0.7% Zn, 0.2% Mn and 
usual impurities including iron)—-solubility is esti- 
mated between 0.0003 and 0.001 per cent beryllium 
at usual metal handling temperatures of 1150 to 1225 
F. The protective effect appears to diminish rapidly 
below the 0.0003 per cent beryllium minimum. 
Amounts greater than 0.001 per cent exhibit a marked 
tendency to precipitate at the lower melt handling 
temperatures. Due to this small solubility, the hard- 
ener will not alloy as rapidly as elemental aluminum. 
However, increased aluminum contents and higher 
melt temperatures will increase the solubility of beryl- 
liam in magnesium, consequently alloying can be 
more readily accomplished at melt temperatures from 
1300 to 1400 F. 

Remelt operations involving scrap, flash and drip 
may slowly deplete the beryllium content of the melt 
to less than a practical protective minimum of 0.0003 
per cent. An addition of 0.001 per cent beryllium 
will be sufficient to restore the necessary protective 
content. 


54-66 
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TABLE 1—ANALYsIs OF MAGNESIUM-BASE CoMPposiTIONs Diz CAST 
For MECHANICAL PROPERTIES AND CORROSION TEST 














Alternate- 
Immersion 
Salt Water 
es Test-Cor- 
Aastpie®, % rosion Re- 
Composition Al Cd Cu Fe Mn Ni Pb Sn Si Zn Be sults. MCD** 
A 8.88 <0.01 <0.01 0.003 0.20 0.001 0.002 <0.01 0.01 0.63 00 0.17 © 
B 9.17 <0.01 0.013 0.008 0.20 0.001 0.019 <0.01 0.01 0.62 00 0.17 
Cc 9.06 <0.01 0.017 0.011 0.19 <0.001 0.019 <0.01 0.02 0.58 0.0003 0.43 
D 9.55 <0.01 0.013 0.007 0.20 <0.001 0.018 <0.01 0.01 0.60 0.0005 0.17 
E 9.06 <0.01 <0.01 0.003 0.19 0.001 0.007 <0.01 0.01 0.65 0.0008 0.18 


*Al determination by gravimetric chemical analysis. Balance of elements by spectroscopy. 
**Corrosion rate in units of milligrams per square centimeter per day. Average for two samples. Samples approximately 5 x 2 x 0.3 


cm in size. Test for 28 day duration. 





TABLE 2—-MECHANICAL PROPERTIES* 











Yield Tensile Hardness, 
% Strength, Strength, Rockwell 
Composition** Be, % Elong. 1000psi 1000 psi E 
A None 4.0 22.9 34.5 76 
B None 3.3 20.9 33.5 72 
Cc 0.0003 4.0 21.2 34.5 72 
D 0.0005 3.3 21.3 33.8 74 
E 0.0008 2.2 22.7 32.8 75 


*Average values. 
**AZ9I1A alloy. For analysis see Table 1. 





Castability 


Over a decade of experience producing die castings 
has revealed no casting difficulty arising from beryl- 
hum in magnesium alloys. Die castings containing 
beryllium are consistently produced which are 
superior in surface appearance and equal in general 
quality to castings without beryllium, Even dies of 
intricate contour and detail fill with ease. An investi- 
gation of analytical differences between sound and 
defective sections of commercial magnesium die cast- 
ings produced from alloy containing beryllium and 
alloy without beryllium indicated that the presence 
or absence of the element had no effect. 


Mechanical Properties 


Several compositions of AZ91A magnesium alloy 
with and without additions of beryllium were die cast 
mto 14-in. diameter test bars. These compositions are 
listed in Table 1. Mechanical properties determined 
on these bars for each composition are listed in Table 
2. Favorable agreement exists with the published 
typical properties.* Beryllium additions have no sig- 
nificant effect on the mechanical properties when the 
amounts shown are used. Also, the mechanical prop- 
erties of commercial die-cast magnesium parts cpn- 
taining beryllium are equivalent to similar parts cast 
in magnesium without beryllium. 

A number of observers have reported that beryllium 
in magnesium alloys tends to coarsen the grain size 
which in turn reduces the mechanical properties of 
the alloy.* §.® However, this effect is not imparted 
to castings produced by the pressuré die-casting pro- 
cess. Sections of test bars from compositions A and E 
(Table 1) with none and 0.0008 per cent beryllium 
respectively were examined metallographically to de- 
termine the average grain sizes. The measured values 


for both compositions were 0.0006 in. This consis- 
tency in grain size and maintenance of properties is 
attributed to the rapid cooling or chilling effect of 
the die casting process. However, due to the slower 
cooling rate in sand and permanent mold castings, 
beryllium additions may greatly coarsen the grain 
size in these cast structures. 


Corrosion 

Samples of the same compositions tested for me- 
chanical properties were subjected to an alternate- 
immersion corrosion test in 3 per cent NaC] solution. 
The results in Table | indicate that beryllium exerts 
no detrimental effect upon the corrosion rate of the 
alloy. The greater corrosion rate of composition C 
(Table 1) is attributed to the higher iron content. 

Both industrial and rural atmospheric exposures 
of castings in the as-cast condition evidence equal or 
improved corrosion resistance for metal containing 
beryllium. 

Toxicity 

It was not until the advent of World War II with 
the increased production and use of beryllium and 
its compounds that the toxic effects of the element 
became evident or serious. These toxic reactions have 
occurred primarily in the skin and in the respiratory 
tracts of workers.1 To our knowledge, no toxic effects 
of beryllium have ever been reported in the magne- 
sium industry. Skin contact with aluminum-beryllium 
hardeners presents no known toxic hazard. However, 
alloying operations without sufficient ventilation, 
especially sludging operations and exposure to hot 
fuming sludge, can result in sufficient contamination 
of the air to be of concern. The vaporization of beryl- 
lium from molten magnesium alloys during normal 
handling, such as ladling to the die-casting machine, 
is practically nil. 

Alloying beryllium in amounts above the recom- 
mended practice is strongly discouraged as the excess 
element tends to concentrate in the sludge. When 
this sludge is subsequently removed from the pot, 
the fumes may be higher in beryllium. However, the 
formation of these toxic fumes can be appreciably 
reduced by applying a thin layer of flux to the hot 
sludge. Die-casting operations using magnesium alloy 
containing the low specified beryllium content, as may 
be obtained in purchased ingot, assures a minimized 
exposure hazard. 
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No maximum concentration limit for safe exposure 
involving beryllium operations has been generally 
established.! Pinto has reported a maximum limit of 
1.0 microgram per cubic meter of atmosphere in a 
metallurgical laboratory performing mechanical work- 
ing operations and sintering of powder or solid beryl- 
lium stock.1® The Dow Chemical Co. operates with 
a self-imposed concentration limit of 0.1 microgram 
of beryllium per cubic meter of atmosphere for re- 
peated exposures of 8 hr duration, With proper venti- 
lation facilities it is easy to operate below this con- 
centration level. 

The use of beryllium salts for alloying purposes is 
considered hazardous and is not recommended for 
foundry operations. 


Summary 

Minute quantities of beryllium in magnesium alloys 
are effecting economies in die-casting operations by 
reducing oxidation losses in melting, transfer and 
ladling of casting alloys. 

Beryllium as an aluminum-magnesium-beryllium 
hardener is alloyed by conventional methods. Beryl- 
lium in no way impairs the castability, surface appear- 
ance, general surface and internal quality, mechanical 
properties, grain size, or salt-water and atmospheric 
corrosion resistance of magnesium die castings. By re- 
ducing melt losses, beryllium in magnesium die-casting 
alloys effects a further economic advantage in the 
application of magnesium to die-casting operations. 


BERYLLIUM IN MAGNESIUM Dre CAsTING ALLOYS 
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INVESTMENT CASTING BY THE 
FROZEN MERCURY PROCESS 





By 


I. R. Kramer* 


Why frozen mercury? This question is often asked 
when one first hears of the frozen mercury process 
for investment castings. One is inclined to think of 
the frozen mercury investment casting technique as 
a competitor to the lost wax process in the sense that 
mercury patterns can be used as a replacement for 
wax patterns on a cost basis. The frozen mercury 
process should be considered an extension of the pre- 
cision casting field in that it affords a method for 
casting more complex and larger shapes than can be 
cast by other methods. The reasons for the advantages 
become obvious when the various physical and me- 
chanical properties of frozen mercury are considered. 

A mercury pattern is made by simply pouring 
liquid mercury into a steel die, both approximately 
at room temperature. Then the mercury is frozen at 
minus 100 F. 

In freezing mercury, the same problems are en- 
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IN AIR AT-80°F TO-100°F 


~ TWO PIECES OF 


countered as in the solidification of nearly all molten 
materials, namely, that of feeding the pattern to pre- 
vent shrinkage in undesirable places. However, in 
freezing mercury in the author’s process a dry-ice- 
acetone mixture is used so that the die can be lowered 
into the freezing mixture to allow the freezing to 
progress from the bottom to the top of the pattern. 
In this manner continuous feeding of the mercury 
can be achieved. 

The surface of the mercury pattern obtained in this 
manner is smooth, clean and free from imperfection- 
due to interdendritic shrinkage or dross. The high 
surface tension and high density of mercury helps to 
fill out the finest details of the die. No difficulties are 
encountered in filling sections which may vary greatly 
in thickness. 

Usually, when wax or plastic is used for investment 
casting, it is difficult to fill out properly sections 
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Fig. 1—Method employed in “booking” mercury patterns. 
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Fig. 2—Matchplate being removed from die prior to 
“booking” the two portions of the guide being made. 


where the thickness ratio is greater than 4 or 5 to I. 
To overcome this difficulty various inserts are used to 
support the wax or plastic pattern to prevent difficul- 
ties. Since the die is filled with liquid mercury, the 
very thin sections can be filled out; the rate and di- 
rection of solidification can be easily controlled by the 
rate of submergence of the die into the freezing bath 
to insure sound patterns. 


Weldability of Frozen Mercury 


Perhaps one of the greatest advantages of frozen 
mercury as a pattern material for investment castings 
is its weldability. It is this property which enables one 
to make castings of complex shape. When two pieces 
of frozen mercury are touched together and slight 
pressure applied, the pieces weld together. This 
ability for “self-welding” may be exploited advantage- 
ously by the development of “booking” dies to pro- 
duce mercury patterns with complex internal pass- 
ages and undercuts. 

In principle, a booking die is composed of three 
sections although in practice it may contain as many 
sections as are necessary to make a desired pattern. 
The die will then consist of two sections which are 
separated by a matchplate on which the core details 
may be placed. Mercury is poured into the two cavities 
and frozen. Then the matchplate is removed and the 
two portions of the die are brought into contact. 
Sometimes, for large surface areas, the contacting sur- 
faces are lightly scored before welding to help obtain 
a good weld. The die walls are lightly tapped with a 
small rawhide mallet to insure that the die walls 
meet and the pattern is removed from the die cavity. 
In joining two mercury patterns, alignment of the 
dies is maintained through the use of precision die 
dowels. If desired, other accessory guide devices may 
be employed, but this is seldom necessary. Thijs 
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method of welding permits, along the parting line, 
registry to within tool-making accuracy. In the direc- 
tion perpendicular to the parting plane no loss or 
gain of tolerance is encountered. 

The self-welding properties can be used to still 
other advantages. Most of the castings made by the 
author’s process are so large that individual gating 
and risering systems are necessary. In these cases, the 
main portion of the pattern is frozen in the usual 
manner and the gating and risering systems are frozen 
separately. The two are joined together by “book- 
ing.” When individual small mercury patterns are 
made, they may be assembled easily by pressing the 
patterns onto a common sprue. 

Any defect or fine lines which may result from this 
“booking” may be repaired by pouring liquid mer- 
cury over the defect or smoothing the defect with a 
small knife or tool. By this means, also, any minor 
defect which may appear inadvertently in the body 
of the pattern may be easily repaired by these 
methods. The mechanical properties of mercury at 
the temperatures usually employed in the author’s 
process can be compared to those of lead at room 
temperature. It is relatively soft, ductile, malleable 
and thus can be easily formed into a given shape. To 
repair damage in a mercury pattern it is necessary 
only to press a small piece of frozen mercury into the 
defect and smooth it into the general contour of 
the body of the pattern. 


Large Precision Castings Can Be Made 


One of the important advantages that can be gained 
by the use of frozen mercury as a pattern material is 
that large precision castings can be made. This results 
from a combination of two factors. Mercury, at tem- 
peratures approximately minus 100 F, is strong and 
possesses rather good creep resistance, and the volume 
expansion on changing from a solid to a liquid is 
small. It is this latter fact that becomes important. 
On melting, the volume change is 3.47 per cent. For 
comparison the volume expansion for waxes used in 
precision castings is about 9 per cent. The small 
volume change which occurs during melting out of 
the mercury pattern from the ceramic mold results 
in less distortion and strain of the mold. 

In the case of mercury only, a thin shell mold 
about 4, to % in. thick is necessary to withstand 
the strains imposed during the melting of the pat- 





Fig. 3—Shell mold employed in the author’s frozen mer- 
cury process. (Courtesy Alloy Precision Casting Co.) 
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tern. Thus, the limits of size and section which are 
accepted for investment castings by other processes are 
not applicable to the author’s process. For regular 
production in the wax process the dimensions do not 
usually exceed 6 in. However, in some cases, pat- 
terns measuring almost 14 in. have been made using 
a combination of wax and plastic. Castings of this 
size are usual by the author’s process, and castings 
involving dimensions in excess of 42 in. and weighing 
over 300 lb have been made in regular production. 


Thin Shell Mold Used 

Unlike other investment casting methods, the froz- 
en mercury process employs a thin shell mold into 
which the molten metal is cast. As mentioned above, 
this is made possible by the small volume expansion 
of mercury upon melting. After the mercury pattern 
is made, the ceramic shell mold is built up by dipping 
it into a slurry kept at minus 80 F. The shell mold 
is made by successively dipping the pattern into slur- 
ries of increasing viscosity until a thickness of about 
4, in. is reached. In some cases thicker shell molds 
are used. 

The first slurry is very thin and contains refrac- 
tory particles of a very small size. It is this coat- 
ing which imparts such an excellent surface finish to 
the final casting. The vehicle used is very volatile at 
the temperatures employed in the dipping process so 
that the time to dry the ceramic coatings is very short. 
The drying time is only a few minutes on the first 
coating since the layers are only a few thousandths 
of an inch thick. As the viscosity of the coatings in- 
creases the drying time increases also. 

After the shell mold has been built up the mercury 
is extracted. This is a simple process and consists 
merely of running mercury at room temperature into 
the sprue or gate. The process can be compared to 
that of washing mud from a bank. Since the vol- 
umetric expansion is rather small, it is not necessary 
to exert much care in melting out the pattern. After 
most of the mercury has been washed out of the 
heavy sections, the mold is allowed to come to room 
temperature and the remaining mercury is poured 
out. The recovery of mercury is practically complete. 


Baking of Shell Molds 


The green molds are fairly strong after the mercury 
has been melted out. However, it is usual practice to 
fire the molds within a reasonably short time. Here 
again, it is not necessary to use an elaborate preheat 
procedure to prevent cracking or spoiling of the 
molds. The green molds are merely placed directly 
into a furnace and held at a temperature of 1850 F. 
The molds remain in the furnace for about 2 hr after 
which they are removed and allowed to air cool. 

Here again it is not necessary to cool the patterns 
under controlled conditions. The molds may be stored 
at room temperature for indefinite. periods of time 
and used when desired. The fact that these molds 
may be cooled to room temperature without cracking 
can be used to good advantage. This allows the mold 
to be inspected easily and permits ready scheduling 
of molds which must be preheated. 

The advantages of the shell mold are many. Due 





Fig. 4—Pneumatic hammer for removal of shell mold 
and core. 


to the fact that the ceramic shell is fairly permeable, 
it is possible to employ suction casting techniques. 
For this purpose the molds are placed in a flask con- 
taining a loosely packed material, such as shot or 
coarse sand. A tight cover is formed of a layer of 
ceramic cement on top. When suction is applied to 
this system, the forces applied are equal everywhere, 
and uniform filling takes place. By this technique it 
is possible to cast sections of extremely thin cross- 
section without resorting to preheating the mold. 
This is, of course, of great advantage in many cases 
where grain size control is of importance. 

Another advantage which accrues from the thin 
shell mold is in the removal of cores. In many cases 
in the lost wax or plastic investment casting method 
it is difficult and expensive to remove cores. The 
cores often become vitrified by the heat of the molten 
metal poured into the mold, and the extraction of 
the cores through small openings becomes almost im- 
possible. In the author’s process the cores are broken 
up by rapping the gate or sprue to which the cast- 
ing is attached, by means of a pneumatic hammer. 
The fragments are then shaken out. 

Another advantage from ceramic molds employed 
in the author’s process is that they are unreactive 
with molten metals. This is evidenced by the fact 
that a large variety of metals has been cast into the 
mold with a minimum amount of trouble. Of interest 
is the fact that these molds have been used to cast 
titanium successfully. Molten titanium is a very reac- 
tive metal and will react with all known refractory 
materials. To date no material has been found suit- 
able for a crucible material for melting titanium. 








HEAT TRANSFER CHARACTERISTICS OF 
SHELL MOLDS 


By 


R. E. Morey,* H. F. Bishop* and W. S. Pellini** 


ABSTRACT 

Solidification times of plate castings of various alloys cast 
into shell molds and conventional sand molds are compared to 
establish relative mold heat transfer characteristics. Effects of 
shell thickness and backup materials are evaluated for a range 
of plate thicknesses. It is demonstrated that the thickness of 
the shell in relation to the casting thickness determines the 
effect of the backup material. For relatively thin shells shot 
backup decreases solidification time compared to sand castings 
in the order of 30-40 per cent and gravel backup in the order 
of 10 per cent. For relatively thick shells the effect of backup is 
negligible. Shell castings poured without backup solidify at 
slower rates than sand castings. 

It is concluded that the solidification characteristics of metals 
cast into shell molds with backup are similar to those of sand 
castings. Differences may be developed for the case of shell 
castings poured without backup depending on the specific con- 


ditions. 


® It has been demonstrated':? that the nature of 
solidification of metals may be varied by changes in 
the mold material which markedly affect the rate of 
heat transfer from casting to mold. For example, steel 
solidifies in wide band* fashion when cast in sand 
molds and in narrow band fashion when cast in chill 
molds. On the other hand, changes in the types of 
sand, moisture content, grain size, etc., have no dis- 
cernible effect on the mode of solidification. The 
same relative effects have been demonstrated for a 
variety of other metals. In general, a change in solidi- 
fication rates involving decreasing solidification time 
to 0.1-0.2 of the original value is required to change 


wide band (mushy) solidification to narrow band 





Fig. 1—Shell mold halves for test plate castings. 
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solidification; conversely a change from narrow band 
to wide band solidification involves increasing solidi- 
fication times in the order of 5- to 10-fold. 

In essence, this means that the type of solidification 
which is characteristic of a given metal cast in a sand 
mold is not changed by variations of sand or molding 
practices. This is fortunate for otherwise the foundry 
characteristics (feeding requirements, shrinkage _be- 
havior, etc.) which are related to the specific solidifi- 
cation characteristics of the different metals would be 
highly variable. 

With this background, it is of interest to investigate 
the thermal characteristics of shell molds with respect 
to conventional sand molds. As a basic premise, the 
foundry characteristic of a given metal cast in sand 
molds and shell molds should be expected to be the 
same or different depending on whether moderate or 
drastic changes in solidification rates result from the 
change in molds. That is to say, steel or bronze cast 
in shell molds should behave in the same manner as 
steel or bronze cast in sand molds, provided that drastic 
differences in solidification rates are not developed 
and vica versa. 

This investigation was aimed at establishing data 
of comparative heat transfer characteristics of shell 
molds in comparison to sand molds for a variety of 
metals. The effects of variations in shell mold practice, 
particularly with respect to mold thickness and backup 
material were of particular interest. 

Experimental Procedures. The test castings used 
for these studies were plates of 14, 34, 1 and 114 inches 
in thickness and widths equal to five times the thick- 
ness. The gating and risering details may be deduced 
from the shell molds shown in Fig. 1. The risers were 
deliberately made oversize (Diam. — 3 times plate 
thickness) to insure adequate flow of feed metal and 
the elimination of under-riser shrinkage. 

The shells were made with an AFS No. 150 washed 
sand containing 7 per cent resin. The mold assemblies 
were clamped together with staples, then placed in 


* Metallurgists, Metal Processing Branch, **Superintendent, 
Metallurgy Division, Naval Research Laboratory, Washington, 
D. C. 

*The terms narrow band and wide band used to describe the 
type of wall growth are equivalent to the usual but more cum- 
bersome terms highly and slightly progressive wall growth. 
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metal containers (Fig. 2) and backed either with 
¥4,-in. diameter steel shot, or with a coarse sand 
having an AFS fineness number of 5.2. To insure that 
the molds would not be deformed by the pressure of 
the liquid metal, the backup material was compacted 
by means of a small air vibrator attached to the con- 
tainer. The sand molds were made wi'h an AFS No. 
80 sand bonded with 3.0 per cent wesiern bentonite, 
1.5 per cent dextrin, 0.5 per cent corn flour and 
containing 3 per cent water. Figure 3 presents grain 
size distribution curves for the mold and backup 
materials. 

Cooling curves were obtained using techniques 
described in previous reports*:*. The thermocouples 
were placed at the geometric center of the plates. The 
alloy compositions and pouring temperatures of the 
metals which were investigated are listed in Table 1. 


TABLE 1—METAL ANALYSIS AND 
POURING TEMPERATURE 








Cc Si Mn Pouring Temp. 
Steel 0.24 0.60 0.80 2900 F 
Nodular Iron, High CE 3.35 2.53 0.40 2500 F 
Nodular Iron, Low CE 2.90 2.11 0.33 2500 F 
Cu Zn Sn Al 
G Bronze 7.3 27 62 — 2000 F 
Aluminum 47 — — 95.3 1300 F 





Solidification Rates. The cooling curves obtained 
for the various metals cast in sand and shell molds 
are presented in Fig. 4 to 7. The various curves are 
grouped to illustrate specific effects related to thick- 
ness of the casting, shell thickness, backup material 
and interrelations of these effects. The following may 
be deduced in comparison to the rates of solidifica- 
tion in sand molds: 

1. FIXED THICKNESS OF PLATE — SHELL THICKNESS 
AND BACKUP VARIED. Figures 4A, 5, and 7 illustrate 
that an appreciable decrease in solidification time is 
obtained only for the case of thin shells backed with 
shot. The effects become more pronounced as the shell 
thickness is reduced. The effect of gravel backup is 
very small even for the case of thin shells. Shells used 
without backup show a marked increase in solidifica- 
tion time. 
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Fig. 2—Shell mold assembled and backed up. 


2. FIXED THICKNESS OF SHELL AND BACKUP — CASTING 
THICKNESS VARIED. Figures 4B, 6A, 6B, and 7 illustrate 
that for 44-in. shells (least practical thickness) the 
effect of shot backup becomes more pronounced as 
the thickness of the casting is increased. In other 
words the important variable is the ratio of shell 
thickness to plate thickness. 


Calculate Percentage Decrease 


These qualitative observations may be reduced to 
more quantitative terms by calculating the percentage 
decrease in solidification time for the various cases 
as a function of the shell thickness to casting thickness 
ratio. Table 2 presents the calculations and Fig. 8 
the graphical plots. All times were noted to the nearest 
half minute, which approaches the limit of accuracy 
of the thermal data. The various total times and 
time differences involved were such that calculated 
percentage differences of less than 5 per cent may be 
considered of doubtful significance. Bearing this in 
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TABLE 2—DECREASE IN SOLIDIFICATION TIME 
SHELL VS. SAND MOLD 








Shell Decrease in 

Thickness to Plate Solidification 
Plate Shell Thickness Time Compared to Per 
Metal in. in. Backup Ratio Sand Mold (Min.) Cent 
Bronze 1% %% Shot 0.17 —3 (11.5) —26 
Gravel 0.17 --] —9 
1 Y% Shot 0.25 —1.5 (6) —25 
Gravel 0.25 —.5 —8 
Ye Shot 0.125 —2.3 —38 
Gravel 0.125 —.5 —8 
Y Shot 0.50 —.5 —8 
¥%, Shot 0.75 0 0 
Steel 14% % Shot 0.17 —3.0 (10) —30 
Gravel 0.17 —1.0 —10 
¥% Shot 0.50 —.5 —5 
1 Shot 0.67 0 0 
Aluminum 1% % Shot 0.17 —5.0 (18) —27 
Gravel 0.17 —1.5 —8 
Y Shot 0.33 —2.5 —14 
¥%, Shot 0.50 —.5 —3 
1 Y%, Gravel 0.25 —.5 —3 
Nodular 1% % Shot 0.17 —5.0 (17) —30 
(H.C.) 1 Y% Shot 0.25 —1.5 (7.5) —20 
¥, %Y, Shot 0.33 —.5 (4.5) —l1 
Nodular 1% % Shot 0.17 —5.0 (17.5) —28 
(L.C.) 1 Y% Shot 0.25 —2.0 (8.5) —23 
% Y% Shot 0.33 —.5 (5.0) —10 








mind, it may be deduced from Fig. 8 that a significant 
decrease in solidification time is obtained only if the 
shell thickness is less than 0.5 of the casting thickness. 
As the shell thickness approaches an absolute practical 
limit of 0.1 to 0.2 of the casting thickness, a maximum 
decrease in solidification time of 30 to 40 per cent is 
obtained for shot backup and approximately 10 per 
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cent for the case of gravel backup. 

The observations of the relative effects of shot and 
gravel backup are in keeping with the relative heat 
transfer characteristics of these two materials. Com- 
pared to conventional molding sand, gravel has higher 
conductivity when heated to temperatures of visible 
red heat. However, the differences in heat transfer 
compared to sand are only moderate when compared 
in turn to that of a chill material. The higher rates 
of heat transfer of the backup material (moderately 
higher for gravel and markedly higher for shot) can- 
not be utilized until the shell heats through to a high 
temperature. Thus, the effects of the backup material 
depend on the thickness ratio of shell to casting 
inasmuch as this factor determines the time during 
the solidification of the casting (early or late) that the 
backup material is brought into action. 


Faster Solidification with Shot 


The effect of the shot backup is limited to 30-40 
per cent decrease in solidification time, compared to 
a 80-90 per cent effect possible by direct application of 
a chill,1;? because the shell acts as a heat valve. No 
matter how potent the heat extraction ability of the 
backup material, the limiting condition of heat trans- 
fer is determined by the conductivity of the thin 
layer of sand which separates the casting from the 
chill material. The insulating characteristics of sand 
are further demonstrated by the fact that at shell 
thickness ratios of 0.5 and greater the chilling effects 





1S00F 

GUN METAL I" PLATE 
1800 S» SHOT BACKUP 

C= GRAVEL BACKUP 


s 
3 


TEMPERATURE - 
S 


V/8',/4",1/2',3/4"= SHELL THICKNESS 






































Sones 
a ia 
1500) ig vt 
be . : an P rs a 
1400) a iad ‘ oe 2 
SAND eee ‘ ’ 
— SHELLS WITHOUT BACKUP Fig. 4a (upper) and 4b (lower) 
1300h pt is SSMS Nae REE Re, a A Cae —Effect of varying shell thick- 
TIME - MINUTES ad ness (upper) and plate thickness 
(lower) on solidification of gun 
metal. 
GUN METAL 
ALL SHELLS 1/4" THICK 
S= SHOT BACKUP 
G= GRAVEL BACKUP 
M= SAND MOLD 
© 
& 
= SOLIDUS 
= 
_— oe 
eo 
a 
Bi a ig 
ht, ae 
Se, —", 
~ — 
Ss ¢ « 
1/2" PLATE I" PLATE 11/2" PLATE 
1300 i. i. i 4. iL L i iL i i iL iL iL 4. iL iL i i i i i A 4. 4. 
0 5 20 25 


TIME - MINUTES 























R. E. Morey, H. F. Bishop AND W. S. PELLINI 


451 








2800 
STEEL 15" PLATE 
2700 
‘ en 
= T I 
S ’ 
= 
= 2600 SS 





S=SHELL MOLD - SHOT BACKUP 
G=SHELL MOLD -GRAVEL BACKUP 
V4", 34°," = SHELL THICKNESS 


SOLIDUS 


Fig. 5—Solidification and cool- 
ing curves for steel cast in shells 
of varying thickness. 


a 
\ 
I SHELL 
NO BACKUP 


1 yi 1 











TIME - MINUTES 


of the shot backup are almost entirely suppressed. 
It should not be assumed, however, that the shot 
and/or the gravel backup materials are rendered 
completely inactive by shell thicknesses of 0.5 to 0.75 
ratios. The cooling curve data for shells cast without 
backup indicate that such is not the case. 

Figures 4A, 5 and 7 show that the elimination of 
the backup material for shells of 0.5 to 0.75 of the 
casting thickness results in a pronounced increase 
in solidification time (40 per cent for steel, 70 per 
cent for gun metal, and 80 per cent for aluminum 
when compared to sand molds). In the case of steel 
and gun metal, active burning occurred on the outside 
surfaces of the shells due to the ready availability of 
oxygen. Inasmuch as such burning was confined to 


my 
20 


the surface of the backup material (no burning next 
to shell) when backup is used it may be suspected 
that the increase in solidification time is due in part 
to the external heating of the shells by the flames. 

For the case of aluminum there was no visible 
burning and the only possible heating effect was one 
of slow combustion within the shell itself. To isolate 
the heating effect due to burning, two shells were 
poured with a surrounding atmosphere of argon so 
as to exclude atmospheric oxygen. Comparison of 
the solidification curves of the castings poured with 
and without the argon atmosphere, Fig. 7, shows only 
a small decrease in solidification time when burning 
(if any) was prevented. Obviously, the difference in 
solidification times for the 114-in. plate with a 34-in. 
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Fig. 8—Solidification time of shell mold castings in rela- 
tion to sand mold casting solidification time. 


shell (0.5 ratio) cast with shot backup and without 
backup (argon atmosphere) must be ascribed to heat 
removal by the shot backup. In other words, while 
chilling effects were suppressed by the shell (0.5 ratio) 
the shot backup nevertheless contributed to heat 
removal. The action of shot or gravel backup tor 
shells of 0.5 to 0.75 ratio is thus recognized as being 
essentially equivalent to a thick overlay of sand — if 
absent the heat storage capacity of the system is in- 
adequate and solidification is delayed. 


Near Solidification Time 

As shown by Fig. 4A (l-in. bronze plate with 1-in. 
shell, no backup) at a ratio of 1.0 the shell approaches 
a thickness of adequate heat storage capacity as indi- 
cated by a close approach to the solidification time 
in a sand mold. It is also observed that as the shell 
thickness ratio is reduced below 1.0 the solidification 
time for shells without backup increases in regular 
fashion. This should be expected inasmuch as the 
heat capacity of the system is reduced proportionally 
to the ‘reduction of the thickness ratio. 

It is difficult to assess accurately the contribution 
of the active surface combustion observed for the case 
of steel and gun metal to the increase in solidification 
time for shells without backup. In the case of steel 
very intense burning occurred for approximately two- 
thirds of the solidification time of the casting; in the 
case of bronze, burning was less intense but lasted 


initial delay due to the surface flame — within 0.5 
minute the surface temperature was approximately 
400 F for each case. In the case of bronze the surface 
temperature stabilized at approximately 400 F for 
approximately 5 minutes indicating that the opposing 
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Fig. 9—Temperature rise of shell surface for castings 
poured without backup. 
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effects of surface heating and movement of heat into 
the shell from the surface achieved a temporary 
balance. As the shell gradually heated through, the 
surface temperature began to rise in the usual uniform 
fashion. In the case of steel a drop in surface tempera- 
ture is indicated at approximately 7 minutes which 
corresponded to an abatment of the surface flames. 

From a practical viewpoint it may be generalized 
that regardless of the activity of surface combustion, 
castings poured in shell molds of practical thickness 
ratios (0.25 to 0.75) should solidify at slower rates 
than for the case of backup. The difference may be 
roughly in the order of 3- to 4-fold increase in solidi- 
fication time compared to shot backup for the case of 
0.25 shells and 1.5- to 2-fold increase for the case of 
0.75 shells. The activity of surface combustion prob- 
ably modifies the increases within the limits noted. 

Comments on Solidification Mode. While solidi- 
fication diagrams (start and end of freeze curves) for 
the progression of freezing through the thickness of 
the castings were not obtained, it is possible to approxi- 
mate the shape of the diagrams from considerations 
of the cooling curves for the center of the castings. 
The time interval between the start and end of freeze 
at the center indicates whether a change in solidifica- 
tion mechanism occurred. It may be noted in the case 
of steel, bronze, and aluminum that variations in shell 
mold practice have no measurable effects on the time 
at which the start of freeze occurs at the center and 
that the time is the same as observed for sand mclds. 
The end of freeze developed at the center follows 
the variations which have been described for the com- 
pletion of solidification (same point). Thus, for the 
case of shells with backup the differences in time 
between the start and end of freeze at the center are 
so small as to rule out any significant changes in 
solidification characteristics except for the case of 
shells of very low thickness ratio. Even in the most 
extreme case of low thickness ratio shells (decrease 
solidification time 30-40 per cent) there is no change 
in mechanism — the change merely involves a minor 
decrease in solidification band width of steel and a 
minor decrease in the delay of developing a solid skin 
for aluminum and bronze. 

If the end of freeze point in sand is compared to 
that in the various shells poured without backup the 
changes involve increasing the time interval between 
start and end of freeze of the order to 2- to 3-fold. 
This is an appreciable change (again of degree) 
which involves an increase in the width of the solidi- 
fication band for steel and a marked increase in the 
delay of developing a solid skin for aluminum and 
bronze. 

The nodular irons follow the same pattern as 
described above. An additional observation may be 
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made: the eutectic reaction temperature is lowered 
as the casting thickness is decreased, however the 
effect of shot backup per se is essentially nil. The 
thickness of the casting and not the type of backup 
establishes the eutectic reaction temperature. It is 
possible that this may not hold for the case of shells 
poured without backup. 

In view of these observations it is concluded that 
no significant changes in foundry characteristics of 
metals should result from casting in shell molds which 
are backed by shot or gravel. A possibility exists that 
pouring in open shells may aggravate the difficulty of 
feeding metals which feature a long delay in the 
development of a solid skin because the unfavorable 
features of this type of freezing are enhanced. Investi- 
gations are underway to check these implications. 
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DISCUSSION 


Chairman: W. A. Maver, Oberdorfer Foundries, Inc., Syracuse, 
Nw: % 

Co-Chairman and Secretary: H. F. Bishop, Naval Research 
Laboratory, Washington, D. C. 

Victor Pascukis (Written Discussion):* It would be most in- 
teresting to know the thermal conductivity, specific heat and 
density of the shell mold. If these data were known, the solidi- 
fication in such mold could be readily computed. Such com- 
putation would without special effort yield also the informa- 
tion which the authors did not take in the present experiments, 
namely the start and end of freeze curves over the entire thick- 
ness of the casting. 

It seems desirable to introduce these physical constants of 
conductivity, etc., into all considerations of solidification be- 
cause it makes the results of the work more generally applicable. 

The authors state that, for a shell thickness ratio of 0.5 or 
more, the influence of the back-up material is rather small. 
It should be stated that this ratio of 0.5 holds only for slabs 
and will be different for cylinders and within the field of 
cylinders will depend on the diameter of the casting. 

The authors show that if a shell mold is not backed, longer 
solidification times result than with backing. They also show 
that in such case an increase in shell mold thickness leads to 
shortening of freezing time, and conversely a decrease in thick- 
ness results in longer times. However, it is highly probable that 
there is a limit and that further decrease in thickness would 
bring again shorter times. While that thickness of maximum 
time may for other reasons (e.g., strength at high temperatures) 
be impractical for steel, it may have significance for low melting 
metals. 


1 Columbia University, New York. 








RECENT DEVELOPMENTS 
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IN SHELL MOLDING 


E. I. Valyi* 


ABSTRACT 
Outlook for the future of shell molding was changed by 
a large price reduction for phenolic binders in 1953 and by 
the realization that the importance of shell molding lies in 
the fact that it can frequently produce a casting at less cost 
than conventional sand casting, so that any increased value 
content of the casting becomes a bonus instead of a justifica- 
tion for shell molding. Procedures for producing nonsegregating 
sandbinder mixtures have been developed and are about to gain 
practical importance. Large scale availability could seriously 
influence shell mold equipment design. Improvements in pat- 
tern coating and pattern heating are the major contributions 
of the equipment industry. 
The combination of changes in economics, attitudes, materials 
and equipment should make it increasingly obvious that shell 
molding is a serious production tool. 


@ Industrial shell molding is now about three years 
old. The fundamentals, as described in numerous 
articles, serious publications and press releases, appear 
simple and attractive. Therefore, even though little 
detail and practical information was disseminated, the 
intrinsic appeal of the process caused an exceptional 
number of foundrymen to look into it. The results 
were good, middling, disappointing, or striking, de- 
pending on the usual factors of competence, skill, and 
ingenuity that were brought to bear upon the problem 
in the individual cases. Generally, out of all this 
activity, shell molding emerged as a valuable tool; 
the foundry industry, aided by most of those who 
have a legitimate interest in furthering the foundry 
business, applied itself with increasing intensity to 
the task of using it. 

Many ingenious foundrymen and _ patternmakers 
proceeded to re-invent and improve shell molding. 
The industries supporting the foundry business, par- 
ticularly the established purveyors of materials and 
equipment to the foundry industry have finally recog- 
nized it as a serious matter. Thus, it is not surprising 
that the improvements and developments are many. 

It is almost impossible to gain the perspective for 
a review of significant advances in this ever fluid art; 
also, any day may bring something to change the face 
of the foundry industry all over again, as has been 
proclaimed every so often in these last few years. This 
presentation will therefore be a very modest attempt 
to point out some of the contributions to the art of 
shell molding that strike the writer as significant. 


* President, A. R. D. Corp., Yonkers, N. Y. 


Purposes of Shell Molding. The advantages of shell 
molding, according to most of the promotional 
literature, relate to improved surface finish, greater 
accuracy, greater potential -complexity, reduced 
machining requirements—in other words, basically 
increased value content of the foundry product. Em- 
phasis on these aspects tends to relegate the process 
into a specialty category, perhaps somewhat like 
precision casting or plaster mold casting. It is not 
intended to minimize the potentials of shell molding 
along these lines, nor is it intended to underrate the 
need for the foundry industry to build more value into 
its product. One must bear in mind, however, that 
such increased value content is real only if rewarded 
by the buying public. Leaving specialty applications 
aside and viewing the vast majority of the repetitive 





Fig. 1—View of sand coating plant. Sand and hexame- 
thylenetetramine loaded into high speed muller (1) by 
skiphoist (2). Liquid resin added by metering device 
(5) while air, preheated in heat exchanger (6), is blown 
into sand. Coated sand is discharged on gyratory screen 
(7). Material dropping through screens is conveyed into 
cyclone collector (8) via air conveyor (10) and received 
in transfer container (9). Automatic cycle operated by 
controller (3). Courtesy Acme Resin Co. 
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foundry product, it is not hard to see the above quoted 
advantages of shell molding are not going to fetch a 
premium early. 

Therefore, these advantages will have to be ac- 
complished at equal or lower cost, compared to current 
good sand foundry practice, without taking credit for 
savings past the foundry’s shipping door. The main 
purpose of shell molding is reduction of cost of the 
casting and the measure of any advance is the amount 
it saves, to the foundryman first. 

Cost of Binders. No single cost contribution in the 
manufacture of shell molds and cores is greater than 
the one attributable to the binder. Assuming a $6.00 a 
ton delivered sand price, a typical shell blend used 
to represent a materials cost of approximately 2.6 
cents per lb not much over one and a half years ago. 
The binder resin sold for approximately 38 cents per 
lb at the time. The economic limitations of shell 
molding under such circumstances were soon obvious 
to all. In addition, the prospect of this new resin 
market gave rise to considerable competition for the 
favors of the foundry industry. Both factors con- 
tributed to benefit the foundryman, until the sand- 
resin blend finally dropped to a level of approximately 
1.8 cents per lb (assuming the same cost of delivered 
sand as above). 

In spite of its importance, this fact should not be 
listed among recent technical advances in shell mold- 
ing since no technical developments appear to have 
caused them. 

Suppliers of shell mold bonding resins have now 
probably approached that limit beyond which sound 
business thinking and precepts of fair pricing (fair 
both to the customer and to the producer) do not 
permit them to go. At the same time, it must be 
recognized that even this vastly improved price level 
of the sand-resin mix must be further developed in 
favor of the user. Since the means of economic com- 
petition appear nearly exhausted, one must now resort 
to development work on a technical level. 

It accrues to the credit of the producers of bonding 
resins that they have engaged in intensive work to that 
end over the past two years with strong support from 
a number of experimenters in the foundry industry. 

Coating of Sand. The technique of dry blending 
sand and resin was recognized right from the start as 
neither particularly efficient from the standpoint of 
resin distribution, nor pleasant to carry out. In addi- 
tion, a dry powder blend imposes definite limitations 
upon its use, due to segregation under certain other- 
wise desirable operating conditions. The great differ- 
ence in specific weight and in particle size of the two 
components makes it obvious that any strong accelera- 
tion or deceleration will promote segregation of resin 
and sand. Thus, in the case of blowing, the blend has 
to be carried at high velocities in the blowing medium; 
segregation will contribute to uneven bonding, cre- 
ation of voids, and the like. Moreover, many of the 
conventionally useful means of conveying, such as high 
speed bucket elevators, vibratory and air conveyors, 
and the like, may not be used. 

The economy of bonding depends upon bond dis- 
tribution, i.e., upon the chance of finding bonding 
material present wherever needed between sand grains. 
If favorable bond distribution can be made per- 





Fig. 2—Sand box during coating. Sand drops from con- 
stant height through louvers (1) on pattern (2). Photo 
courtesy Shellmold & Machine Co., Inc. 


manent by some means of attaching the resin to the 
sand, then the tendency to segregate will be overcome 
at the same time. 

For theoretical optimum bonding economy, one 
must visualize the resin concentrated at points of con- 
tact of adjacent grains of sand and the latter provided 
with means to hold fast onto their respective particles 
of resin. Next to this impossible solution of placing a 
particle of resin at the contact area of two adjacent 
sand grains and nowhere else, the logical approach 
is to coat the sand grains all over with bonding resin. 

That method of bond distribution is, of course, not 
in itself spectacular or new; the foundry industry is 
in the habit of coating with a bonding medium when- 
ever a muller, pug mill, or similar device is used to 
incorporate bond with sand. The resin industry is 
quite used to an analogous technique in the manu- 
facture of bonded abrasives. Since the idea of in- 
corporating a bond by way of coating is comparatively 
old, a word of explanation may be in order to show 
why the principle of coating was—and still is—so difficult 
to apply in the case of a shell mold bonding system. 

As recognized early in the formulation of phenol 
formaldehyde resins for sand bonding in the shell 
mold process, only so-called two-stage resins may be 
employed. The single-stage resins, or resoles, are dis- 
tinguished from the two-stage resins, or novolacs, in 
that they are chemically predisposed for progressive 
polymerization, even at ambient temperatures of the 
average plant, changing their properties continuously, 
which is intolerable in shell molding. 

This instability is unfortunate when viewed from 
the standpoint of coating, since the single-stage phe- 
nolic resins, such as the conventional phenolic core 
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Fig. 3—Automatic shellmolding machine with vertical 
sand drop. Photo courtesy Shell Process, Inc. 


binders, are very readily available in liquid form. 

Two-stage phenolic resins are difficult enough to 
provide with the properties that make them suitable 
for shell molding. It is even more difficult to formulate 
them so as to leave them with these desirable proper- 
ties after coating the sand. 

Several methods of coating can be conceived of, such 
as: dissolving the resin in a suitable vehicle which will 
then provide the medium for coating; imparting 
plasticity to the resin by heating it; coating with a 
liquid resin first and allowing it to polymerize in situ. 

The two-stage resin is not a single material, but a 
mixture of a phenol formaldehyde (novolac) and hex- 
amethylenetetramine; the latter, once it decomposes 
under the influence of heat, furnishes a basic catalyst 
(ammonia) and the necessary formaldehyde to further 
and complete the polycondensation reaction. Dissolv- 
ing this mixture of phenol formaldehyde and hexa is 
in itself not difficult. However, the coating deposited 
upon the sand from such solution is not the same as 
the original resin, nor is the process of admixing this 
solution to sand a simple, efficient, and effective one. 
Attempts at coating, wherein an otherwise suitable 
dry two-stage resin is dissolved in, say, alcohol and 
admixed with the sand in a blender or muller, are 
usually unsuccessful due to non-uniform conditions 
encountered during the exothermic course of the 
process, due to lumping of the blend, high loss, and 
other causes. The resultant coating appears non-uni- 
form and in most instances quite brittle. 

It is felt that these solvent coating procedures fail pri- 
marily because they do not permit adequate control of 
the critical balance between rate of precipitation, sol- 
vent evaporation, and temperature during mulling. 
Nor has an attempt been made so far to formulate a 
resin specifically suited for alcohol solvent coating. 

A modification of solution coating consists of a 
method wherein a dry blend of the sand and the two- 
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stage resin is prepared first, to which the solvent is 
then. added as a fine spray, under conditions that 
permit no more than softening of the resin surface, 
sufficient to cause adherence to grains of sand. 

Successful coating procedures from an alcohol solu- 
tion would be highly desirable, since they would 
permit the use of equipment that is usually available 
in a foundry anyway. The fact that the attempts 
along these lines have not met with good success as 
yet does not mean that the cause is hopeless; to the 
contrary, further work along these lines should be 
encouraged. 

The other approach to the coating problem, at the 
moment by far the more successful, is known as the hot 
mulling process. In that procedure, a liquid two- 
stage resin is employed. Figure 1 shows a typical in- 
stallation carrying out hot coating of sand. The sand, 
together with the hexamethylenetetramine, is fed 
into a high speed muller and the hexa first completely 
distributed in the sand. Thereafter a “liquid novolac” 
is added to the sand under simultaneous application 
of heat by way of a hot air stream blown through the 
muller Under the influence of heat, the resin will 
progress towards a higher degree of condensation, no 
doubt under some employment of the hexa present. 
In other words, the resin will advance, until it is 
transformed from a liquid to a solid. After sufficient 
action of heat, the batch 1s cooled with water, stopping 
the reaction, and dumped frum the muller from which 
it emerges in a highly friable, lumpy condition, to be 
subjected to attrition and breaking up into its original 
particle size. 

Actually, the process of hot coating is very closely 
related to the solvent coating process, except that the 
formulation of the resin is apparently chosen to permit 
the employment of a particularly logical solvent, which 
had not been thought of in previous attempts of 
solvent coating, namely excess phenol. Even fairly low 
molecular weight polymers formed in the phenol 
formaldehyde reaction are solids, so that the term 
“liquid novolac” is not really accurate. What such 
liquid resins seem to consist of is a suitably polymer- 
ized phenol formaldehyde with excess phenol. This 
excess phenol will partly evaporate in the course of 
hot mulling, and partly perhaps also continue to react 
with available formaldehyde while the polymerization 
process continues. 


Temperature Favors Hot Coating 


Room temperature strength of shells produced with 
the same quantity of resin, either dry blended or hot 
coated, will differ by a factor of 3 to 5 in favor of hot 
coating. It was deduced thereupon that a much lower 
resin content is permissible, which is by no means 
universally borne out. Still, it is interesting to specu- 
late upon the reasons for this difference in strength. 
Observation of a resin-sand blend under the micro- 
scope during progressive flow and bonding shows that 
the resins acquire extremely high fluidity very rapidly, 
once the proper temperature levels are approached, 
and that the capillary forces acting between adjacent 
sand grains cause rapid migration of the fluid resin 
to the contact areas of sand. 

A coated sand, under the same conditions, shows 
that much of the resin on the sand surfaces is too far 
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from contact points to do any good and that migra- 
tion is not accomplished as readily as with a dry 
admixed resin particle that happens to find itself in a 
favorable location between sand grains. In other 
words, the dry blend results in bulkier and more sub- 
stantial resin bridges between sand grains wherever 
such bridges are found. As in glass and many other 
amorphous materials, the thinner a layer, the higher 
the specific strength. The theories explaining this fact 
can be rather involved and have been dealt with on 
the basis of the probability of occurrence of internal 
defects, the probability of formation of cleavage planes 
and the like; at any rate, some such effect appears to be 
present in the case here reviewed. 


Hexa Particle Breakdown 


In addition, there may be another contributing fac- 
tor to the higher strength of coated sand. Bond 
strength will depend not just on the relative position 
of phenol formaldehyde and sand grains, but also on 
availability of a hexa particle sufficiently near so that 
its breakdown products can perform their function 
effectively. In a coate:’ sand, good distribution of 
resin and hexa can be relied upon, while in a dry blend 
the prerequisite of a homogeneous resin (novolac) 
and hexa blend is not always and not necessarily ful- 
filled. 

From the standpoint of economy and its ability 
to form a shell or core of high strength, the coated 
sand is a superior product. Unfortunately, upon 
final evaluation by way of a casting produced in a 
mold made from such sand, the results are not quite 
satisfactory as yet. This, however, need not discourage 
anyone since it would appear that the defects found 
with the use of coated sands are amenable to elimina- 
tion with some additional patient effort. The resins 
available for coating are not yet sufficiently developed 
to yield best and most economical conditions of flow, 
cure rate, mold flexibility for stripping and closing, 
as applied to a wide variety of possible applications. 
Another and more important defect is that of inferior 
surface finish, tendency for penetration and apparent 
lack of hot strength associated with coated sands. 

It is felt that some research is in order, under 
recognition of the factors that had a bearing upon 
penetration in dry-blend shell molds. The coating 
process applies a reasonably uniform resin coat to all 
particles in the system. It is questioned whether this is 
advantageous and whether it would not be preferable 
to have certain fractions of the sand coated in different 
ways and to different degrees. If this should be so, 
then it is felt that it will be a matter of comparatively 
simple experimentation to establish just what amount 
of coating to apply to which particle fractions of sand. 

The reason for this assumption stems from observa- 
tion of dry-blend shell molds, which usually show 
accumulation of fines at the pattern side and evidence 
of a generally denser structure immediately adjacent 
the pattern. This appears to be the consequence of the 
action of resin while in a highly fluid state for a short 
time, permitting the sand grains to rearrange them- 
selves, aided by buoyancy in the liquid medium. As 
a result some fines migrate to the proximity of the 
pattern during the short interval, filling in some of the 
interstices between coarser grains of sand. At any rate, 
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the effect is the production of a smooth, penetration- 
resistant layer at the metal-mold interface. As against 
this, the particular distribution in a coated sand is 
very uniform and does not follow the above described 
pattern, nor does it change in the course of the mold- 
ing process. 

The resin content generally chosen to prepare a 
coated sand is based on some average ratio of surface 
area of sand to weight. The finer the sand, the more 
resin is usually recognized as being required for equal 
bonding. It is probable that any such average appraisal 
is far from correct and that the resin content available 
for the finer fractions of sand should be different from 
the coating of the coarser particles. To raise the total 
resin content in keeping with the amount of fines of 
the sand is probably an easy way out in the wrong 
direction; once the coating process requires the same 
resin content as used in dry blending, a major ad- 
vantage of coating disappears rapidly. 

The subject of coated sands is fascinating and per- 
haps the one of greatest importance from a technical 
standpoint in the field of shell molding today. Progress 
may be expected towards solution of the surface finish 
problem, perhaps as above indicated. The use of 
coated sands will not only enhance the economy of 
the process, but also make possible certain means of 
mold and core production, air conveying and the like, 
which the dry blend process does not permit. 

Shell Forming. The point of departure in shell mold- 
ing is the application of sand to the heated pattern, 
followed by the removal of the excess after preliminary 
bonding. The progress of change in the binder is 
extremely rapid during the first few seconds of contact 
with the hot pattern surface. In a period lasting a 
fraction of a second up to perhaps one and a half 
seconds the resin will have progressed from extreme 
fluidity to very substantial viscosity. The correspond- 
ingly narrow time interval within which detailed flow 
against a pattern contour can take place explains much 
of the difficulty encountered in proper application of 
the sand upon the pattern. 

The simple pattern with few pronounced contours 
and no deep draws will not show up differences, no 
matter how the sand is thrown against it. Unfortunate- 
ly, the majority of patterns in the foundryman’s 
experience are complex and deep. In what might be 
termed the average pattern, effective coating is ac- 
complished only if all portions of the pattern are 
brought into contact with the sand mix at about the 
same time, without giving the resin an opportunity 
to bridge, round corners, or otherwise keep sand grains 
from coming into intimate contact with pattern areas. 
Patterns with numerous near-vertical planes, whether 
above the plate line or below, with narrow wedge-like 
areas, with comparatively deep holes, turn out to be 
quite difficult to reproduce. 

To produce a satisfactory coat in all cases, the sand 
must be dropped from a minimum height of approxi- 
mately 10 in. to 12 in. in order to reach the pattern 
with sufficient impact. The drop height must not be 
so great as to cause segregation in a dry blend. 

In addition to ascertaining that the sand will drop 
over a minimum height and that all portions of the 
pattern will come into contact with the sand at sub- 
stantially the same time, it is also important to make 
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sure that the overlay of sand will be about the same 
at all times. 

To devise a sand box (variously called dump box, 
applicator, investment box, etc.) in keeping with 
these principles, a two-compartment system was re- 
sorted to with great success, wherein the sand is held 
at a constant height above the pattern, the subdivision 
of the box being by way of a set of louvers or some 
other suitable partition. Figure 2 shows a typical sand 
box constructed along these lines. Figure 3 shows a 
machine that embodies the principles above outlined, 
just before the coating operation. 

This system of sand application provides certain in- 
direct advantages beyond the coating step: the process 
can now start with the pattern plate right side up, in- 
stead of a roll-over. It is therefore easily possible to use 
loose pieces in the pattern without the need to tie 
them down in a cemplicated way. Moreover, no pro- 
visions need be made to keep stripper pins from fall- 
ing through the pattern plate away from the pattern 
face. The pattern is inverted only after a shell is 
formed and even the uncured shell is strong enough 
to retain light stripper pins during dumping. While 
this does not appear to be a significant advance, it does 
contribute greatly to the economy of pattern making, 
particularly where pattern cost is a great factor. 

Pattern Heating and Curing. Next to proper sand ap- 
plication, the most critical aspect of shell molding is 
the control of temperature in the pattern and the 
maintenance of the necessary heat without loss of time 
and extension of the molding cycle. 

Heat is extracted from the pattern with each cycle 
due to contact with the cold sand. Heat is also lost 
by the pattern during any operation of the process 
that does not take place within the oven, such a strip- 
ping, mold conditioning with parting agents and the 
like. In order to replenish this lost heat, it was cus- 
tomary to insert the pattern into an oven before any 
subsequent coating operation and leave it there until 
it has reached the proper operating temperature 
again; alternately, electric heaters were built into the 
pattern. Lengthy preheating before each cycle is ob- 
viously wasteful of time. Electric heaters add con- 
siderably to the cost of the patterns; they are 
comparatively ineffective in most cases, since space 
limitations prevent accommodation of a sufficient 
number for maintaining a steady temperature. 

Obviously, heat can best be replenished without 
cycle extension by utilizing the time period during 
which the pattern is in an oven anyway, for curing. 
During that time, however, the pattern is effectively 
insulated from the oven heat by the mold blanket 
above it. Means to add heat to the pattern during the 
curing cycle were more difficult to find than would 
appear on the surface and while advances in heating 
methods were many in the last two years, one will 
easily recognize as the most important one the con- 
struction of curing ovens which effectively accomplish 
heating of the pattern while curing takes place. 

It will be remembered that the time element in 
shell molding is paramount from the standpoint of 
production economy; therefore, all heating cycles have 
to be carried out at high temperature levels which, 
in turn, may render control and overall cycle balance 
quite difficult. The best solution of the problem seems 
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to be provided by a combination of radiant and con- 
vection heat which appears to be extremely effective 
for simultaneous curing and pattern heating. The 
radiant source is applied primarily to the bare pat- 
tern, in which conductivity aids temperature distribu- 
tion, and convection heat to the mold. This permits 
substantial reduction, if no elimination of any pre- 
heating between cycles, without attaching heaters to 
the pattern equipment. 

Mold Making. A mold can be made only if its two or 
more components can be brought into satisfactory 
register and securely assembled to receive molten 
metal. Accuracy of the mold assembly is largely gov- 
erned by the ability of the parting surfaces to match. 
Rigid shells are not capable of accomplishing this; 
even more important, they are not capable of coming 
off the pattern in the first place. Therefore, assembly 
of the mold hinges upon proper control of the mold- 
ing cycle, such that the pattern yields flexible and 
deformable shells. This is emphasized in the light of 
much misunderstanding along these lines. 

Starting with the molding operation, one can 
readily see that the shell is being heated from two 
sides, namely from the pattern and from the curing 
oven. It is completely impractical to balance these two 
sources of heat with such a degree of accuracy as to 
offset differences in temperature. Deformation of the 
shell is the consequence of these temperature gradi- 
ents. If curing is carried to the point at which the shell 
is rendered completely rigid while it is still on the 
pattern, minor deformations due to temperature gra- 
dients will cause the average shell to bind upon the 
pattern, making it extremely difficult, if not impos- 
sible, to strip. 

Even where a completely rigid shell has been suc- 
cessfully stripped from a pattern, the problem of 
matching two shells, each slightly warped, has yet to 
be solved. In most cases such shells just cannot be 
brought to register. Thus, the curing operation must 
be so adjusted as to yield shells that are flexible dur- 
ing stripping and still flexible while assembling the 
mold, or at least flexible enough to be straightened 
against a plate after stripping. A process of mold clos- 
ing, (Fig. 4), successfully developed during the past 
two years, will guarantee perfect register of mold 
halves, providing they were made under conditions of 
cure that permits the requisite deflection and adjust- 
ment of the two mold halves to each other. Developers 
of this process, have gone one step further in that they 
utilize the matching procedure very logically for the 
simultaneous application of a mold cement. 

In this process the freshly made shells can be sub- 
jected to pressure, either to straighten and cool, to be 
assembled thereafter, or two mold halves are closed 
while at least one is still hot and flexible, the assem- 
bly subjected to pressure and thereby the two mold 
halves matched against each other. The pressure is 
usually applied by way of a spring fixture that exerts 
force against the mold halves in selected spots, avoid- 
ing the mold cavities and preferably in such locations 
that appear logical for the application of mold cement 
or paste. This process of mold closing has met with 
remarkable success, not only in its originator’s plant, 
but also in many other installations. The equipment 
is now commercially available. 
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Reliable and inexpensive methods of preparing 
shell molds for pouring were recently developed. With 
light castings of comparatively low static pressure and 
reasonable wall thickness, the rate of degradation of 
the shell molds can match the rate of solidification in 
such a way that the mold will hold fast long enough 
for the casting to solidify. The above described pro- 
cedure of bringing the mold halves into perfect regis- 
ter, combined with the strong sealing bonds that can 
be developed with the aid of synthetic resins when 
applied to the mold while it is still hot, have resulted 
in cementing of the molds together with sufficient 
strength to withstand the lifting pressure. 

With high metallostatic pressures within the mold 
and very heavy castings, it is still necessary to support 
the shell mold further if for no other than economic 
reasons. Increasing the thickness of the shell lengthens 
the production cycle and also wastes a great deal of 
resin bond. The preferred backing medium for shell 
molds is not shot, as oftentimes reported, but rather 
normal green sand applied against the mold by tamp- 
ing, jolting, or slinging. Elimination of shot backing, 
again, is a simple thought, but at the same time an 
effective one. It was recognized that the shell mold has 
sufficient permeability to vent through its thin edge 
and that it may be backed with a very dense medium 
without ill effects upon the casting. 

How big may a shell mold casting be? A shell mold 
embedded in green sand is after all no more than a 
green sand mold with a facing and it is known that 
there is no limit to the size of such a mold. Obviously, 
backing with sand is a different matter than green 
sandmolding; there is no need to watch out for mold 
hardness, careful stripping from a pattern, careful 
matching, and the like. Therefore, the cost of sand 
backing is insignificant. 

Shell Cores. While much was written in the past on 
the subject of shell making, there is comparatively 
little indication of the methods employed in the mak- 
ing of shell cores. This is to be regretted, since it 
would appear that the economic potentials of shell 
core making are very great. 

One of the prerequisites of shell core making is the 
need to make true shells of uniform wall thickness; 
an increase of wall thickness of the shell core will tend 
to render core collapse and shakeout difficult, if not 
impossible, since shell cores are extremely heavily 
bonded, as compared to conventional core practice. 
The thickness of the shell core, as in molding, is de- 
pendent upon time of contact with the heated core 
box and upon the core box temperature. To control 
and minimize, if necessary, time of contact, both the 
introduction of sand into the core box and the re- 
moval of the excess sand from the core box must be 
accomplished effectively, rapidly, and under consistent 
conditons. A shell is properly formed only if the sand 
impinges upon the heated surface of the pattern or 
core box with a certain minimum impact. As applied 
to a core box, the sand should be introduced at com- 
paratively high velocity, such as in blowing, or else 
the sand must be dropped against each core box wall. 

Blowing is still a very limited technique and will 
be as long as the problem of sand coating remains 
somewhat unresolved. Core making by dumping needs 
considerable ingenuity, not only to cover the usual 
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Fig. 4—Mold closing process. Drag shell is placed on 

spring pad (1), swung under resin sealant dispenser (2) 

and sealant applied. With cores and cope set, mold is 

swung between spring pads (1) and (3) and closing pres- 

sure applied through interval controlled by timer (4). 
Photo courtesy Shell Process, Inc. 


aspects of core box design, but also to provide means 
of dropping within the core box, perhaps from one 
inside face to another, so as to assure impact. In the 
dumping procedure of core making, one cannot work 
fast enough. One successful method is usually to in- 
troduce at first a smaller quantity of sand than re- 
quired to fill the core box completely but more than 
enough to coat it and then build up one or more ad- 
ditional layers in subsequent operations. While this 
“slushing” may sound cumbersome, it is actually much 
simpler and less costly than it sounds, since all of it 
is performed extremely fast. 

While very complex cores can be made in this 
fashion, foundrymen look forward to the day when 
blowing will be made easy with the aid of coated sand. 
Anticipating that time, one can also foresee consider- 
able changes in the methods of mold making. Tech- 
niques are available even now for the production of 
blown molds that eliminate the current need for 
dumping, roll-over and re-inverting. With a coated 
sand that can be conveyed by an air stream, it will be 
possible to construct a molding machine with a 
stationary pattern. 

While there is sufficient reason now for any foundry- 
man to take interest in shell molding, to apply it 
widely and to learn as much about it as possible, it is 
safe to anticipate that the improvements now in store, 
through utilization of more evenly distributed, lower 
cost binders and reduced time cycles for molding and 
core making, will bring shell molding to heights far 
above the economy of current foundry practice. 
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DISCUSSION 


Chairman: C. E. MAppick, Massey-Harris Co., Ltd., Brantford, 
Ont., Canada. 

Co-Chairman: C. W. ScHWENN, Brillion Iron Works, Inc., 
Brillion, Wis. 

Secretary: R. G. Reirr, Ford Motor Co., Dearborn, Mich. 

O. W. WINTER (Written Discussion):*+ Currently we are build- 
ing shell molding equipment for the production of automotive 
and other castings. A complete installation for the production 
of automotive crankshafts will include a shell muller for coating 
the sand with liquid resin and feeding the coated sand into the 
feeder unit of a four-pattern, four-station shell molding machine. 
This equipment is being produced as a result of successful tests 
in the production of crankshaft castings. 

In another of the large automotive foundries, a shell muller 
has been coating sand with liquid resin for over six months. 
This coated sand is being used in shell molds. The application 
is a complete success. The installation is similar to that given 
in Fig. 1 showing a view of the Acme Resin Corp. operation. 

It has been our experience that resin-coated sand gives up to 
twice the cured shell strength of that obtained by equal per- 
centages of dry resin under normal conditions. Conversely, 
equal strength is obtained with substantially less and up to 
half the amount of resin with a proportionate saving in cost. 
In addition, resin-coated sands are not dusty and the explosion, 
fire or health hazards of dry mix are eliminated. There is no 
segregation of resin in storage or use, and there is no deteriora- 
tion—even over long periods in storage. 

Use of coated sands also permits blowing of shell molds and 
shell cores. Blowing shell molds provides complete control of 
the contour of the back of the shell, permitting the use of 
contour clamp-type pouring fixtures and eliminating the need 
for back-up material or gluing. Contour clamp-type back-up 
permits use of thinner shells with corresponding additional 
savings in resin and sand. 

In connection with shell forming, the sand structure in the 
shell is of paramount importance. The word structure is used 
here in a fashion similar to that employed in grinding wheel 
construction and refers to the arrangement of the sand particles. 
The resin on the mold surface is completely consumed at 720 F, 
while what remains may include some carbon for a period but 
certainly shell sand structure plays a vital part. This is one 
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reason why we emphasize the importance of proper sand fall 
on the pattern vertical rainfall from an adequate height 
with no side slide with resulting shadow effect on pattern sides, 
and no mass dropping with arching or air entrapment. 

In shell blowing the blowing pressure provides a sand packing 
force considerably beyond the gravity impact of even a proper 
vertical rainfall. To be effective, however, it is necessary prop- 
erly to arrange the blow holes and vent holes and this often 
must be done by experiment. A properly blown shell provides a 
strong sand structure and permits use of thinner low cost shells. 

Some work has been done on the subject of additives to in- 
crease the hot strength of the shell. We believe that it is a 
promising field for further exploration both as regards the 
additive material and the method of addition. A mold surface 
that is more resistant to molten metal, and a stronger, thinner 
shell would be the objectives. 5 

Based on extensive tests and development work, resin coating 
of shell molding sands provides the basic answer to many of the 
problems that confront shell molders. With the acceptance of 
resin coating, advances in structure composition and properties 
of shell molding sand will follow. The result of cheaper shell 
molds and cores both as regards material and production costs 
is inevitable. 

On the subject of pattern heating and shell curing, we have 
developed a universal and flexible electric radiant heating ar- 
rangement that eliminates heating elements in the pattern 
proper and the prohibitive pattern cost of such an arrangement. 
The heating units can be shifted to miss stripper pins, thus 
providing for complete flexibility. 

The heat control is automatic and extremely accurate. It 
provides fer completely independent pattern temperature con- 
trol on multiple pattern machines and also functions independ- 
ently of any furnace cure time or temperature. 

In effect, it acts as an auxiliary furnace curing the shell simul- 
taneously from both sides producing flatter shells, cured faster 
and under more complete control. Thus, for example, a shell 
can be produced with a thorough cure on the pattern side and 
a semi-cure on the back or in other combinations. The former 
we have found to be desirable on many applications. 


1 Manager, Shell Molding Division, Beardsley & Piper Co., Chicago. 











EFFECT OF POURING TEMPERATURE ON SOUNDNESS 
AND PHYSICAL PROPERTIES OF STEEL CASTINGS 


By 


C. F. Christopher* 


@ Temperature of the steel, as it enters the mold, has 
far reaching effects because it either controls or strong- 
ly influences the following major factors: 

1. For any given mold size or design, the tem- 
perature of the steel entering that mold influences 
the pattern of solidification. The influence of the steel 
temperature on the cooling effect of the mold surface 
is a major factor in selective freezing, which is a part 
of the mechanism of porosity formation. 

2. The temperature of the steel entering the mold 
controls the strength of the deoxidizers present and 
indirectly the oxygen level at that time. 

3. When the steel enters the mold and begins to 
freeze on the mold wall, it is the pouring temperature- 
deoxidizer influence on oxygen that determines the 
susceptibility to both porosity and iron sulphide pre- 
cipitation. 


Salability Precludes Porosity 


All steel castings must be made free from porosity 
to produce a salable product, All steel must, there- 
fore, be deoxidized sufficiently to overcome all con- 
ditions which lead to the carbon monoxide gas re- 
action. 

Regardless of carbon content or degree of deoxida- 
tion, every heat of steel, as it leaves the pouring nozzle, 
is either at equilibrium or below. It is impossible to 
produce any heat of steel which is sufficiently out of 


equilibrium to produce a gaseous reaction in the ladle. 


In other words, as soon as a heat of steel is tapped 
into the ladle, the introduction of oxygen into the 
steel ceases and the steel becomes dead and inactive. 
This is true whether a deoxidizer has been added 
or not. An 0.08 per cent carbon rimming steel with 
practically no deoxidation will be as inactive in the 
ladle as any dead-killed steel. 

Another important fact is that all steels, regardless 





* Director of Research, Continental Foundry & Machine Co., 
East Chicago, Ind. 
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of whether they are deoxidized or not, will remain 
quiet in the ladle regardless of temperature as long 
as the steel is completely above the liquidus tem- 
perature. This substantiates the thermodynamic fact 
that carbon controls the maximum oxygen that any 
steel can hold and that this carbon-oxygen equilibrium 
holds, regardless of steel temperature. 


Temperature Controls Strength 


Even though a carbon-oxygen reaction cannot occur 
in the ladle, the temperature at any given time in the 
ladle controls the strength of deoxidizers which ma‘ 
be added or present. Therefore, when a ladle of steel 
is being poured into a mold the oxygen level at that 
time is established by the amount of deoxidizer added 
and the relationship of that deoxidizer to the tem- 
perature. The strength of the deoxidizer weakens as 
the pouring temperature rises until the oxygen con- 
tent reaches the maximum carbon-oxygen level attain- 
able. Any further pouring temperature increase will 
not effect a further oxygen increase. 

Every ladle of steel, therefore, is at equilibrium 
when it enters the mold at any given temperature. 
In order for that heat of steel to give porosity, the 
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Fig. 1—Location and susceptibility of solidifying steel 
to develop porosity. 
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reaction of 2C + O, = 2CO A must be disturbed 
by the addition of either carbon or oxygen. 

The only source of disturbance is carbon being 
set free during the freezing period. This selective 
freezing, with consequent precipitation of excess car- 
bin, takes place quickly along the mold wall while 
the body of the casting and the steel being poured 
is still at a much higher temperature. It is the tem- 
perature relationship between the freezing mold sur- 
face and the temperature of the rest of the casting 
that determines susceptibility to porosity. 

If the temperature in the center of the casting is 
high, the deoxidizers are weak, resulting in a high 
iron oxide content. Under such conditions, if the skin 
is freezing and throwing out carbon, porosity will 
form in the metal adjacent to the skin unless a strong 
deoxidizer is used. 


Deoxidation Necessary 


It is necessary to deoxidize the steel sufficiently to 
offset the tendency for porosity to form in the mold 
surface area. Increasing the carbon in this area upsets 
the equilibrium between carbon and iron oxide and 
causes the excess carbon to react with the higher iron 
oxide already present. This tendency increases as the 
body of the metal increases in temperature and de- 
creases as the body temperature decreases. This occurs 
because the deoxidizers only lower the oxygen with 
decreased temperature. 

Therefore, there is extreme danger of over-deoxidiz- 
ing the mass of metal in a casting in order to sufficient- 
ly deoxidize the surface to eliminate porosity by se- 
lective freezing and precipitation of carbon. 

Figure 1 shows diagrammatically the tendencies 
existing in all solidifying steel masses. The carbon 
being thrown out along the solidifying surface tends 
to throw this area out of equilibrium with the original 
iron oxide present. The absence of selective freezing 
in the center while this area is cooling keeps this 
metal under the carbon-oxygen equilibrium and con- 
sequently free from porosity. 

Figure 2 is a photograph of a 0.28 per cent carbon 
casting deoxidized with 0.30 per cent silicon. Location 
of the porosity shows the marked effect of carbon-iron 
oxide disturbance at the freezing surface. Slightly in- 
creasing the deoxidation of this steel would make the 
center completely sound with all the porosity in the 
surface area. By progressively increasing the deoxida- 
tion, the surface area porosity would diminish until 
the entire casting was free from porosity. If the tem- 
perature were increased with this same deoxidation, 
porosity would begin to re-appear in the surface area, 
requiring greater deoxidation to again remove it. 

Efforts to counteract surface area porosity must take 
into consideration the temperature-deoxidizer content 
relation which produces iron sulphide precipitation in 
the mass of metal as it cools down to the freezing 
point. The amount of deoxidizers required to elimi- 
nate surface porosity at their high-temperature, weak 
state will deoxidize too strongly as the mass cools 
down, since they gain in strength as the steel cools. 

Selective freezing is natural to all steels. An examina- 
tion of the iron-carbon diagram shows the tremendous 
amount of carbon set free as various carbon steels 
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Fig. 2—Test casting (0.28 C deoxidized with 0.3 Si) 
showing porosity around casting surface. Slight increase 
of deoxidation would produce sound center, concentrate 
porosity in surface area. Entire casting would be freed 
of porosity through progressive increase of deoxidation. 
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Fig. 3—Relation between pouring temperature and iron 

oxide content in steels deoxidized with 0.4 per cent silicon. 

Curve interprets theoretical equilibrium conditions and 
practical application. 


freeze through the liquidus to the solidus. More im- 
portant than selective freezing is the temperature of 
the adjacent metal which determines its deoxidation 
strength with deoxidizers present. Not only is it im- 
portant to understand why porosity and iron sulphide 
(over-deoxidation) occur, but it is also important to 
apply the knowledge to actual operating practice. 

Figure 3 is a diagrammatic relationship of pouring 
temperature to iron oxide. This curve is an inter- 
pretation of theoretical equilibrium conditions and 
a practical application of that work to actual practice. 
This figure shows the following: 

1. Curve A-1 indicates the effect of 0.40 per cent 
silicon on iron oxide between 2600 F and 3000 F. At 
any temperature shown in the figure, there is a cor- 
responding iron oxide content for 0.40 per cent silicon. 

2. By transferring the equilibrium of carbon-iron 
oxide on to this chart, it is possible to determine the 
combined effects of carbon and silicon at various 
temperatures. 

3. This curve shows the permissible pouring tem- 
perature with 0.40 per cent silicon, the permissible 
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Fig. 4—Aluminum required for various carbon contents to 
control sulphide inclusion formation. 


selective freezing which can take place at any pouring 
temperature, whether aluminum has to be added in 
addition to 0.40 per cent silicon, and whether the 
steel will contain iron sulphides when it cools to the 
freezing point. 

In a 0.40 per cent silicon steel poured at 3000 F 
the equilibrium iron oxide content will be 0.030 per 
cent. The equilibrium content for 0.30 per cent carbon 
is also 0.030 per cent iron oxide, the carbon and 
silicon lines intersecting at point A. This means 
that, at 3000 F pouring temperature, 0.40 per cent 
silicon will be ineffective in removing iron oxide. 

If this steel enters the mold at 3000 F and begins 
to freeze on the mold wall, porosity will form im- 
mediately. A 0.30 per cent carbon steel can segregate 
up to 0.70 per cent carbon in the liquid metal ad- 
jacent to the freezing surface. Enough aluminum or 
other strong deoxidizer would have to be added to 
destroy the iron oxide differential between 0.30 per 
cent carbon and 0.70 per cent carbon (or the exact 
amount of carbon segregated). The carbon-enriched 
liquid metal would be in equilibrium with much less 
iron oxide than that originally existing with 0.30 
per cent carbon and would react at 3000 F unless alu- 
minum or some other strong deoxidizer was added. 

As the mass of steel cooled from 3000 F to 2690 F 
(the approximate solidus for a 0.30 per cent carbon 
steel) the silicon would increase in deoxidizing power 
along the silicon curve A to H. When this steel has 
eooled down to the solidus it will contain 0.006 per 
‘ent iron oxide unless enough aluminum has been 
added to take it below this value. 


Silicon Controls Iron Oxide 


By selecting a lower pouring temperature, 2925 F, 
the silicon is effective enough to lower the iron oxide 
from 0.030 per cent to 0.020 per cent (B). If the 
carbon segregates to 0.70 per cent it can be seen 
that porosity will still develop with less aluminum 
required to produce soundness. 

As the mass of steel cools, the effectiveness of the 
silicon will follow the line B to H, and again finish 
at 0.006 per cent iron oxide in spite of the lower 
pouring temperature. If aluminum is added it may 
or may not alter this amount depending upon the 
the amount added. 

If a 0.30 per cent carbon steel containing 0.40 per 
cent silicon is poured at 2855 F, theoretically it should 
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have no porosity and certainly will be safe at lower 
temperatures. Segregation up to 0.70 per cent carbon 
is possible, but it is unsafe and unwise to pour at this 
temperature or above without aluminum additions. 

The author has checked these pouring temperatures 
carefully and finds that 2825 F is the safest operating 
temperature on a 0.30 per cent carbon, 0.40 per cent 
silicon steel. The final iron oxide content will be 
approximately 0.006 per cent regardless of the pouring 
temperature. This percentage will not be lowered 
unless enough of any other stronger deoxidizer is 
added. 

Figure 3 is an effective, practical chart for setting 
up maximum pouring temperatures for all carbon 
steels. It is useful in calculating aluminum additions 
to either avoid porosity, Type 2 sulphides, or both at 
any pouring temperature. It shows the maximum 
carbon content which can be poured with silicon 
deoxidation alone without incurring iron sulphide 
inclusions. 


Higher Carbon Steels. Higher carbon steels cannot 
produce as much porosity as low carbon steels, but 
are far more susceptible to porosity formation. They 
segregate carbon to a much greater extent along the 
freezing casting surface and, therelore, require 
stronger deoxidation and lower pouring temperatures 
or both. 

A 0.50 per cent carbon, 0.40 per cent silicon steel 
is interesting to consider due to the fact that it is the 
maximum carbon content that can be poured with 
silicon deoxidation alone. When this carbon grade 
cools to the solidus temperature, 2615 F, 0.40 per 
cent silicon lowers the iron oxide to approximately 
0.0045 per cent. This is the critical iron oxide level at 
which iron sulphides precipitate. 


Porosity Susceptibility 

Furthermore, a 0.50 per cent carbon steel is ex- 
tremely susceptible to porosity due to the large amount 
of carbon precipitation resulting from selective freez- 
ing. Up to approximately 1.10 per cent carbon segrega- 
tion can take place which means that the maximum 
pouring temperature can be about 2750 F. As shown 
in the chart, the silicon will reduce iron oxide in a 
0.50 per cent carbon steel from 0.020 per cent to 
0.0091 per cent at 2750 F. It can be seen that a 1.10 
per cent carbon segregate also containing 0.0091 per 
cent iron oxide equilibrium will not react. Also it 
can be observed that a 0.50 per cent carbon steel 
cannot be poured above 2750 F without porosity 
unless some aluminum is added. 

If size of product permits and proper temperature 
control facilities are available all practices which 
permit the precipitation of iron sulphides should be 
avoided. As described in this paper, this is only 
possible on steels from 0.50 per cent carbon down. This 
is the maximum carbon due to the fact that with 
normal 0.40 per cent silicon deoxidation, this steel 
will freeze at the maximum permissible iron oxide 
content which will avoid iron sulphide precipitation. 

To avoid porosity in lower carbon steels deoxidized 
with 0.40 per cent silicon, requires certain maximum 
pouring temperatures. The proper pouring tempera- 
ture for any carbon steel can be calculated from the 
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chart. Examples are given for 0.30 per cent and 0.50 
per cent carbons which call for 2855 F and 2750 F 
temperatures respectively. 

Not all companies are able to pour steels under 0.50 
per cent carbon at the low temperatures specified, due 
to many conditions—main reasons being small cast- 
ings or long pouring times. Increasing the temperature 
over that specified above means porosity unless the 
resulting weakening of the silicon is compensated for 
by aluminum or other stronger deoxidizers. 

On steels below 0.50 per cent carbon, required 
amounts of aluminum which will compensate for the 
silicon and still avoid iron sulphide inclusion precipi- 
tation can be calculated from the chart. For example, 
a 0.30 per cent carbon steel with 0.40 per cent silicon 
poured at 3000 F would contain 0.030 per cent iron 
oxide. The minimum iron oxide permissible in any 
steel is 0.0045 per cent. The difference (must be re- 
moved by aluminum) is 0.0255 per cent which can be 
calculated to pounds of aluminum required. This 
is not a safe practice, naturally, and most operators 
prefer to add large amounts of aluminum to such 
steels and produce Type 3 sulphides. 

However, many shops use small amounts of alu- 
minum to avoid porosity but not enough to reduce 
the iron oxide below 0.0045 per cent, where iron 
sulphides begin to form. 

Above 0.50 per cent carbon, porosity should not 
be a problem with anyone. All such steels contain 
Type 2 sulphides and aluminum or other strong de- 
oxidizers should be used to avoid this condition. If 
strong deoxidation is not resorted to, the steel will 
not only contain Type 2 sulphides but may also con- 
tain porosity unless poured at a very low temperature. 


Over-deoxidation. The first portion of this paper 
refers primarily to the surface of the freezing casting 
and concerns the formation and elimination of poros- 
ity in that area. This is important, because what is 
done to eliminate porosity on the surface, controls the 
metallurgical quality of the central mass and this 
controls what deoxidation practice is finally required. 

Assuming that how to deoxidize sufficiently to 
eliminate porosity is known, it is also essential to know 
what is going to happen when the steel cools down 
to the solid casting. The iron oxide content, when 
porosity forms, is far different from what it is when 
the casting freezes many degrees later in the cooling 
cycle. Knowledge of what could happen and what 
to do about it must be available before the heat is 
tapped. 


lron Oxide Content 


Table 1 shows the calculated iron oxide contents 
for a large number of carbon steels before they are 
deoxidized and also at their freezing point after 0.40 
per cent silicon deoxidation. This table also shows 
the relationship of iron oxide content to the forma- 
tion of iron sulphide (Types 2 and 38) inclusions. 
As indicated, a low level of iron oxide causes the pre- 
cipitation of iron sulphide inclusions. 

By taking a large number of samples from the bath 
on various high carbon steels with no deoxidation, 
it is found that chain type sulphides appear at about 
1.30 per cent carbon or 0.0077 per cent iron oxide. 


EFFECT OF PoURING TEMPERATURE ON STEEL CASTINGS 


Unfortunately it is impossible to pour these samples 
without porosity forming, and consequently losing 
some of the iron oxide present. If these samples 
could be poured without porosity, Type 2 iron sul- 
phides would not appear until before about 1.90 per 
cent carbon or 0.005 per cent iron oxide. 


Freezing Points Differ 


By adding 0.40 per cent silicon to extremely high 
carbon steels, it is found that Type 3 sulphides form 
at approximately 1.70 per cent carbon or approximate- 
ly 0.0005 per cent iron oxide. This occurs because the 
freezing point of iron sulphides (2187 F) is above the 
solidus of the steels. Any steel above 0.50 per cent 
carbon deoxidized with 0.40 per cent silicon, or lower 
carbon steels which must be poured over a given 
temperature, must be deoxidized with aluminum or 
another deoxidizer stronger than aluminum. 


Aluminum Practice. It is necessary to set up a 
practice for aluminum additions which will be adapt- 
able to all shops and types of practices. This practice 
should be designed to avoid Type 2 iron sulphides on 
steels under 0.50 per cent carbon which may be 
poured at various temperatures due to size of product, 
and on higher carbon steels at any desired temperature. 

Figure 4 shows oxide content (plotted against 
pounds of aluminum per ton) of various carbon con- 
tent steels killed with 0.40 per cent silicon at their 
freezing point. The parallel lines indicate the effect of 
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Table 1—Iron Oxide Content and Relationship to Iron 
Sulphide Inclusions. 


adding increased aluminum to these steels. They also 
show the amount of aluminum required to produce 
Type 2 inclusions at the critical 0.0045 per cent level 
and the amount required to further lower the iron 
oxide to the Type 3 level, 0.0005 per cent, to avoid 
Type 2 inclusions. 

Area A represents low carbon steels, below 0.50 
per cent, and shows that it is possible to make these 
steels either with no aluminum or with small con- 
trolled amounts and avoid Type 2 inclusions. This 
will depend upon the temperature of pouring and 
whether or not porosity can be controlled with silicon 
alone and no aluminum or with the corresponding 
small amounts shown. 

Area B shows that Type 2 chain inclusions will 
form on low carbon steels if a critical amount of alu- 
minum is added, or on high carbon steels unless an 
excess is added. 

Area C represents Type 3 inclusions which will 
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Fig. 5—Shop deoxidation chart showing aluminum to be 
added to steels of various carbon contents. 


result in all steels if enough aluminum is added to 
produce a residual amount. 

Figure 5 is a practical deoxidation chart simplified 
for use in the shop. It sets up a practice and designates 
the inclusion types as follows: 

1. Area CC—On steels above 1.70 per cent carbon, 
the sulphides approach Type 3 with silicon alone and 
no special deoxidation is required for this purpose. 

2. Area BB—Aluminum must be added to steels 
from 0.50 per cent to 1.70 per cent carbon equal to or 
exceeding the amounts designated by the curve. These 
steels with silicon alone produce Type 2 inclusions 
and must be further deoxidized to Type 3 as des- 
ignated. 

3. Area A—This area represents low carbon steels 
where it is possible to produce a product with no iron 
sulphides, either by silicon alone or by strict control 
of aluminum additions. 


Low Temperature Pouring 


On 0.50 per cent carbon no aluminum can be added 
in order to avoid iron sulphide precipitations which 
means that the control of porosity will depend en- 
tirely upon low temperature pouring. If the product 
does not permit low temperature pouring, enough 
aluminum must be added to produce Type 3, as 
shown. 

As the carbon drops below 0.50 per cent, increasing 
amounts of aluminum can be safely added without 
the formation of Type 2 inclusions. 

On very low carbon steels, very large amounts of 
aluminum can be added without danger of Type 2 
inclusions. 

4. Area B—Amounts of aluminum shown in this 
area should always be avoided. Either small amounts, 
if pouring temperature permits, or large amounts if 
pouring hot, should be used as shown. 

5. Area C—Aluminum should always be added to 
steels in this area above 0.50 per cent carbon or on 
lower carbon steels if low pouring temperatures are 
inadvisable or unavoidable. 


Conclusions 


This paper is a practical interpretation of theoretical 
equilibrium conditions taking place at the pouring 
temperature and during the freezing cycle in the mold. 
It deals with the resulting oxygen levels and their 
relationship to the type of inclusion formed, as well 
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as methods and practices used to rectify bad inclusion 
types or avoid them. 

The largest percentage of steel castings is made 
with 0.20 to 0.50 per cent carbon. Furthermore, more 
and more castings are required to meet physical 
properties and are being required to compete with 
wrought steels. Unfortunately, quality in 0.20 to 0.50 
per cent carbon contents is difficult to make under 
all conditions. Low temperature pouring control is 
a problem in intricate or small castings, although 
it permits the best deoxidation practice for high 
physicals. 

High-temperature pouring automatically leads to 
detrimental deoxidation practices in order to avoid 
porosity. These circumstances naturally lead some 
foundries into expensive deoxidizers and rectifiers such 
as calcium, cerium, titanium, calcium-manganese-sili- 
con, cerium oxide, lan-cer-amp, and many others. 

Some foundries deoxidize with silicon alone, avoid 
porosity, and produce excellent properties. Other 
foundries use silicon and aluminum to accomplish the 
same purpose. Still other foundries use all the de- 
oxidizers mentioned above. Over-doing or under-doing 
the deoxidation either hurts the steel or the pocket 
book or both. There is a correct way to make steel 
and there is no substitute for knowing the facts so 
that better steel can be made at the lowest cost. 


DISCUSSION 


Chairman: J. H. JANSSEN, Pratt & Letchworth, Buffalo, N. Y. 

Co-Chairman and Secretary: C. B. JeNNi, General Steel Cast- 
ings Co., Eddystone, Pa. 

CHAIRMAN JANSSEN: Do these principles apply to acid steel 
only? 

MR. CHRISTOPHER: No, the same principles apply to basic steel 
also. There may be different levels at various temperatures. 

CHAIRMAN JANSSEN: What is wrong with a 30 to 40 point 
carbon drop rather than a 5 or 10 points over the finish carbon? 

Mr. CuRistopHER: The only reason to melt high in carbon 
is to gain temperature. 

CHAIRMAN JANSSEN: Do you have any comments on hydrogen 
elimination? 

Mr. CHRISTOPHER: In reply I should like to refer to a com- 
parison of steel practice basing our conclusion on the Charpy 
impact values obtained at —40 F. A group of 28 heats were 
made with the melt-in carbon at 0.50 to 0.80 per cent. This 
permitted a long boil to eliminate hydrogen. The heats were 
heavily ored. A block was used on these heats. Ca-Mn-Si was 
used to improve the fluidity of the steel. The slag was “green,” 
that is, low in FeO. Chiefly for nucleation, 4 lb of aluminum 
per ton of molten metal was used. The average impact value 
at —40 was 46.8 ft-lb. 

A second group of heats was then made using a melt-in car- 
bon of 0.25 to 0.30 per cent. No ore was added. The slag was 
black. The alloy recovery efficiency was lower. No block was 
used; no Ca-Mn-Si nor aluminum was used. The heat time was 
shorter. The slag was more corrosive. The average Charpy 
impact value at —40 F for this group of heats was 54.5 ft-lb. 
We feel that sulphur is not detrimental in acid steel if the 
oxygen level is kept high. We feel that we could go to 0.070 
sulphur provided the phosphorus could be kept low. 

W. D. LAwrHER:* What part does mold moisture play in 
metal porosity? 

Mr. CHRISTOPHER: We cannot produce porosity with moistur2 
from the mold. It could be produced from moisture from sn 
enclosed core. Porosity is controlled by thermodynamics. Most 
porosity is due to CO and not H or N. A control of the tem- 
perature and the proper knowledge of deoxidation is needed to 
control porosity, too many people pour steel at too high a 
temperature. 


1 Asst. to Works Mgr., American Steel Foundries, East St. Louis, Ill. 











MECHANICAL PROPERTIES OF ALUMINUM 


DIE-CASTING ALLOYS 


By 


C. O. Smith* 


ABSTRACT 


Data concerning static and dynamic properties of commercial 
aluminum die-casting alloys are presented. Typical tensile 
properties of the alloys at various temperatures are given. For 
380 alloy, which is representative of the die-casting alloys, these 
properties are shown graphically. 

Fatigue properties of the alloys, as determined by rotating 
beam tests, are discussed. Effects of notches, both as-cast and 
machined, on fatigue strength are illustrated. Some data con- 
cerning effects of machining on fatigue strength of die castings 
are presented. 

Examples of commercial applications, in which die castings 
are required to carry loads under dynamic stress, are given. 
Tests to demonstrate suitability of these die castings are 
described. 


Introduction 


Early uses of aluminum alloy die castings were in 
nonload-carrying applications such as housings, cover 
plates, mounting brackets and other similar parts 
where light weight, combined with permanent di- 
mensions and good detail, was desired. With intro- 
duction of the cold chamber casting process, and de- 
velopment of stronger alloys suitable to this process, 
die castings are now produced with comparatively 
good fatigue characteristics as well as good strength- 
to-weight ratio, minimum machining requirements 
and generally good appearance. 

This desirable combination of characteristics led 
to the use of aluminum alloy die castings in a variety 
of load-carrying applications, many of which require 
good fatigue resistance. Examples of these uses are 
hair clipper housings,’ chain hoist parts,? servo-mech- 
anism pistons,? food cutter and slicer frames,* esca- 
lator parts, automotive transmission parts and clutch 
housings.® 

The purpose of this paper is to review existing 
information and present new data on typical static 
and dynamic properties of commercial aluminum 
die-casting alloys. 


Typical Properties 


Nine alloys are considered, Most of the discussion 
will concern SC84 B alloy**, since it is the best gen- 


* Research Engineer, Mechanical Testing Division, Aluminum 
Research Laboratories, Aluminum Company of America, New 
Kensington, Pa. 
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eral purpose alloy. Its behavior is representative of 
the die-casting alloys, and it has about four times the 
usage of the other eight alloys together. The other 
alloys are available for various specialized applica- 
tions, although the use of three of them — 13, 43 and 
85 — is gradually being discontinued because of less 
satisfactory casting characteristics and generally less 
desirable properties. 

Table 1 gives the A.S.T.M. designations and com- 
positions for the nine alloys, while Table 2 shows 
the typical physical properties. Two of the alloys, 
A360 and A380, differ from two others, 360 and 380, 
only in the allowable iron content. Despite this small 
difference, there is an appreciable difference in the 
typical mechanical properties. Table 3, which gives 
the typical mechanical properties of all the alloys, 
shows that A360 alloy, with lower iron content, has a 
tensile strength of 3000 psi less, and a yield strength 
of 4000 psi less, than 360 alloy. Likewise, A380, with 
lower iron content, has a tensile strength of 1000 psi 
less, and a yield strength of 5000 psi less, than 380 
alloy. In both cases, the lower iron content results 
in higher elongation. All compositions and properties 
shown in these three tables are typical or average 
values, and are in no sense guaranteed values. 

It should be understood that the typical tensile 
properties are those determined from standard die- 
cast test specimens*** and not from specimens cut 
from commercial die-cast parts. The compressive yield 
strengths are determined on specimens 114-in. long, 
cut from the reduced section of a standard tensile 
specimen. Shear strengths are also determined on 
specimens prepared in the same manner. Endurance 
limits are determined by using rotating beam speci- 
mens as-cast,t and not by using specimens cut from 
die-cast parts, In general, the test section of all speci- 
mens is as-cast except when flash must be removed. 


** Alloy SC84B, Tentative Specifications for Aluminum-Base 
Alloy Die Castings (B85-52T), A.S.T.M. Book of Standards, Part 
2, 1952. Same as Alcoa 380 alloy. 


*** Fig. 18, Tentative Methods of Tension Testing of Metallic 
Materials (E8-52T), A.S.T.M. Book of Standards, Part 2, 1952. 


+ Fig. 9, Manual on Fatigue Testing, A.S.T.M. Special Techni- 
cal Publication No. 91, 1949. 
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C. O. SMITH 
TABLE 1—CoMPosITION OF ALUMINUM D1E-CAsTING ALLOYS 
Composition, per cent — Aluminum Constitutes Remainder 
Alloy Other 
Designation os 3 Elements, 
. Copper, Iron, % Silicon, Manganese, Magnesium, Zinc, % Nickel, Tin max, 
Alcoa A.S.T.M. % max % % max % max % max max total 
13 $12B 0.6 max 2.0 11.0 to 13.0 0.3 0.1 max 0.5 0.5 0.1 0.2 
43 S5C 0.6 max 2.0 45 to 6.0 0.3 0.1 max 0.5 05 0.1 0.2 
85 SC54B 3.0 to 4.0 2.0 45 to 5.5 0.5 0.1 max 1.0 0.5 0.3 0.5 
218 G8A 0.2 max 1.8 0.3 max 0.3 7.5 to 8.5 0.1 0.1 0.1 0.2 
360 SG100B 0.6 max 2.0 9.0 to 10.0 0.3 0.4 to 0.6 0.5 0.5 0.1 0.2 
A360 SG100A_ 0.6 max 1.3 9.0 to 10.0 0.3 0.4 to 0.6 0.5 0.5 0.1 0.2 
380 SC84B 3.0 to 4.0 2.0 75 to 95 0.5 0.1 max 1.0 0.5 0.3 0.5 
A380 SC84A 3.0 to 4.0 1.3 7.5 to 9.5 0.5 0.1 max 1.0 0.5 0.3 0.5 
384 - 2.0 to 4.0 2.0 11.0 to 13.0 0.5 0.3 max 1.5 0.5 0.3 0.5 


Composition limits from Tentative Specifications for Aluminum-Base Alloy Die Castings ((B85-52T), 





Part 2, 1952, except for 384 alloy, where Alcoa limits are shown. 


A.S.T.M. Book of Standards, 





TABLE 2—-TYPICAL PHYSICAL PROPERTIES OF ALUMINUM Die-CAsTING ALLoys 








Thermal 


Average Coefficient 
of Thermal Expansion 








Alloy j : . ae per degree F* 
Designation ; : Approximate Electrical Conductivity Temperature Range 
Specific Weight, Melting Range, Conductivity, at 25C, 

Alcoa A.S.T.M. Gravity Ib per cu.in. F %IACSt+ cgs units 68-212 F 68-392F 68-572F 
13 $12B 2.65 0.096 1065 to 1080 31 0.29 11.4 11.9 12.5 
43 S5C 2.65 0.096 1065 to 1170 37 0.34 12.3 12.9 13.4 
85 SC54B 2.74 0.099 990 to 1135 30 0.29 11.9 12.6 13.1 

218 G8A 2.57 0.093 995 to 1150 24 0.23 13.3 13.9 14.3 
360 SG100B 2.64 0.095 1035 to 1105 28 0.27 11.6 12.2 12.7 
A360 SGI100A 2.63 0.095 1035 to 1105 30 0.29 11.7 12.2 12.7 
380 SC84B 2.72 0.098 1000 to 1100 23 0.23 11.6 12.1 12.5 
A380 SC84A 2.71 0.098 1000 to 1100 25 0.24 11.7 12.2 12.6 
384 2.70 0.098 960 to 1080 23 0.23 11.2 11.7 12.2 





* To be multiplied by 10-° 





+ International Annealed Copper Standard 





TasLe 3—TypicAL MECHANICAL PROPERTIES OF 
ALUMINUM Die-Castinc ALLoys?. . 











tg Sy ieee Oo 
Alloy Ges gute ac ézSe EB, aes 
Designation =» SSH SSSR BS asee gs% 22 
bs eS 3” evs as ££ 
Alon ASTM. * te 6 & “ & 
13 $12B 39,000 21,000 2.0 15,000 25,000 19,000 
43 S5C 30,000 16,000 9.0 13,000 19,000 17,000 
85 SC54B 40,000 24,000 3.0 19,000 26,000 23,000 
218 G8A 45,000 27,000 8.0 23,000 28,000 23,000 
360 SGI100B 44,000 27,000 3.0 20,000 28,000 20,000 
A360 SGI00A 41,000 23,000 5.0 18,000 26,000 18,000 
380 SC84B 43,000 26,000 2.0 21,000 28,000 20,000 
A380 SC84A 42,000 21,000 3.0 17,000 27,000 20,000 
384 46,000 27,000 1.0 21,000 29,000 21,000 
+ Tensile properties are average values obtained from A.S.T.M. 


standard round die-cast test specimen, 14 in. in diameter, 
produced in a cold chamber (high-pressure) die-casting 
machine. 

* Offset equals 0.2 per cent 

t Based on 500,000,000 cycles of completely reversed stress using 
R. R. Moore type machine and specimen. 

For all aluminum die-casting alloys, 


Modulus of Elasticity 10,300,000 psi 
Modulus of Rigidity 3,850,000 psi 
Poisson’s Ratio 0.33 





Effect of Temperature on Tensile Properties 


Tensile strength and yield strength of the die-cast 
alloys are, of course, lower at elevated temperatures 
than at room temperature. To cause any appreciable 
reduction in the properties of 380 alloy, the temper- 


ature must be about 250 F (121 C) or more. The ef- 
fect of the combination of time and temperature on 
the tensile strength of 380 alloy is shown in Fig. 1, 
while Fig. 2 shows the effect on tensile yield strength. 

Both of these figures indicate that an improvement 
in,tensile properties from artificial aging occurs in 380 
alloy on heating at 212 F (100 C) for extended 
periods of time. This effect is more pronounced for 
yield strength than for tensile strength. This aging 
behavior is found to occur in varying degrees in all 
the aluminum die-casting alloys. In some, there is 
much less improvement in the yield strength than 
occurs in 380 alloy, and no apparent effect on tensile 
strength, on heating at 212 F (100 C). This aging 
behavior is also common in some of the other cast and 
wrought aluminum alloys. 

At temperatures above 212 F (100 C), no aging 
effect was observed for 380 alloy or any of the other 
die-casting alloys. Such an aging effect would be ex- 
pected to occur at these temperatures but for shorter 
time periods than those used in these tests. The com- 
paratively slow decrease in tensile and yield strength 
at 300 F (149 C) and 400 F (204 C), and the more 
rapid decrease at 500 F (260C) shown in Figs. 1 and 
2 for 380 alloy, are representative of all the die-cast- 
ing alloys. 

Effect of time and temperature is shown in a some- 
what different fashion in Fig. 3. This graph shows the 
changes in tensile strength, yield strength and elonga- 
tion of 380 alloy over the temperature range from 
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—320 F (—196 C) to 600 F (316 C) for periods at room temperature and —200 F (—129 C) for 380 


temperature of 4 and 10,000 hr. After only 1% hr alloy is in contrast to the behavior of most of the 
at temperature, some aging becomes apparent by an other cast and wrought aluminum alloys, which show 
increase in the tensile yield strength, but the aging no such decrease. This decrease is noticeable in the 


effect is much more pronounced after 10,000 hr at case of 360, A360, 380 and A380 alloys, whereas the 
temperature. The decrease in yield strength between tensile properties of the other die-casting alloys either 
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change little or increase somewhat. In all aluminum 
alloys the strengths increase as the temperature is de- 
creased to —320 F (—196 C). In the die-cast alloys, 
as in sand and permanent mold castings, and wrought 
aluminum alloys, there is no loss of ductility, as 
measured by elongation, at subzero temperatures. 

The time-temperature relationships illustrated by 
380 alloy are, for the most part, typical or representa- 
tive of all the die-casting alloys. The actual values ob- 
tained for any given alloy will, of course, not be the 
same as for 380 alloy. Table 4 gives typical values 
for tensile properties of various alloys at temperatures 
up to 500 F (260 C) after 14 and 10,000 hr at tem- 
perature. 

Rotating Beam Fatigue Properties 


In determining fatigue characteristics by using R. 
R. Moore type rotating beam tests on different lots 
of any metallic material, it would indeed be an ex- 
ceptional case if the data gave a single line curve. In- 
stead, the test points tend to fall into a band for each 
material. The aluminum die-casting alloys are not 
exceptions. In fact, the die-casting alloys, as a group, 


have individual bands that overlap considerably in 
such a way that they may be considered to fall into 
one fairly broad band. This tendency is illustrated in 
Fig. 4, which shows the band for smooth specimens 
of all die-casting alloys, with the band for 380 alloy 
shown separately. This fatigue band for 380 alloy, 
which includes data from two different lots, covers 
approximately one-third of the band for all the alloys 
together and is in the center of the overall band. 


Some tests were made using notched specimens 
from the lot which falls in the upper portion of the 
380 alloy band. Three different notches were used. 
These were a machined sharp notch (root radius 
less than 0.001 in.), an as-cast sharp notch (root ra- 
dius less than 0.01 in.), and a machined notch with a 
root radius of 4%, in. The three types of specimens 
had the same nominal diameter at the reduced sec- 
tion. 

The notch endurance limit was found to be only 
about 35 to 40 per cent of that obtained using smooth 
specimens. Such a reduction in endurance limit from 
a notch is not surprising since the stress is calculated 
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TABLE 4—TyYPpIcAL TENSILE PROPERTIES OF ALUMINUM 
Dir-Castinc ALLoys AT ELEVATED TEMPERATURESt 





After heating 1% hr After heating 10,000 hr 











at temp. at temp. 
~ v2 4 St od eog 53s 
ao Ze 2oPe £5 2Ps 2ohe Bs 
E BET SEE ge CE BEES Fo 
Alloy = z = g's & gs 
75 39,000 21,000 20 st ae ube 
212 34,000 21,000 5.0 33,000 21,000 25 
13 300 30,000 19,000 7.0 27,000 18,000 3.0 
400 25,000 18,000 12.0 22,000 15,000 7.0 
500 19,000 13,000 20.0 11,000 6,000 13.0 


75 30,000 16,000 9.0 — — 

212 26,000 16,000 13.0 25,000 19,000+ 9.0 

43 300 23,000 15,000 16.0 20,000 15,000 10.0 
400 19,000 14,000 19.0 16,000 12,000 17.0 

500 14,000 10,000 23.0 8,000 6,000 25.0 


75 40,000 24,000 3.0 oot 

212 38,000 24,000 3.0 38,000 30,000; 3.0 

85 300 33,000 22,000 4.0 25,000 21,000 4.0 
400 24,000 19,000 6.0 17,000 14,000 6.0 

500 17,000 i3,000 10.0 11,000 7,000 11.0 


75 45,000 27,000 8.0 —_ ee 

212 40,000 25,000 12.0 43,000; 25,000 8.0 

218 300 34,000 23,000 15.0 32,000 21,000 20.0 
400 25,000 19,000 18.0 21,000 15,000 25.0 

500 16,000 12,000 220 13,000 9,000 30.0 


75 44,000 27,000 3.0 tis ae es 

212 39,000 27,000 3.0 45,000t 34,000¢ 2.0 

360 300 34,000 25,000 4.0 33,000 23,000 4.0 
400 29,000 24,000 5.0 21,000 13,000 9.0 

500 21,000 17,000 9.0 12,000 7,000 19.0 


75 41,000 23,000 5.0 — 

212 36,000 23,000 6.0 40,000; 31,000; 3.0 

A360 300 32,000 21,000 8.0 31,000 25,000; 5.0 
400 27,000 20,000 11.0 18,000 12,000 8.0 

500 20,000 15,000 15.0 9,000 6,000 16.0 


75 43,000 26,000 2.0 — — 
212 42,000 28,000 3.0 43,000+ 32,000; 3.0 
380 300 36,000 25,000 4.0 31,000 22,000 
400 28,000 22,000 5.0 23,000 15,000 7.0 
500 19,000 15,000 10.0 13,000 8,000 19.0 
75 42,000 21,000 3.0 —~ dii 
212 39,000 22,000 5.0 38,000 26,000 3.0 
A380 300 34,000 19,000 7.0 27,000 19,000 6.0 
400 25,000 17,000 12.0 19,000 13,000 8.0 
500 17,000 12,000 15.0 10,000 6,000 16.0 


75 46,000 27,000 1.0 — ae 
212 44,000 28,000 2.0 48,000+ 33,000+ 


0.5 
384 300 38,000 25,000 5.0 36,000 23,000 1.5 
400 28,000 22,000 8.0 27,000 17,000 3.0 


500 20,000 16,000 12.0 14,000 9,000 9. 
¢ Tensile properties are average values obtained from A.S.T.M. 
standard round die-cast test specimen, 14 in. in diameter, pro- 
duced in a cold chamber (high-pressure) die-casting machine. 
* Offset equals 0.2 per cent 
t Note that these values show increases over values for 14 hr at 
temperature. 





from the simple elastic beam formula in which the 
minimum diameter of the specimen is used. There- 
fore, this procedure makes no allowance for stress 
concentration at the root of the notch. Much more 
surprising is the fact that there is apparently no dif- 
ference in the reduction of endurance limit if the 
notch is machined or cast. It is also surprising that 
there is apparently no difference in effect on endur- 
ance limit between machined notches with root radii 
of less than 0.001 in and of 1%, in. This lack of dif- 
ference is noticeable since all individual tests of 
notched specimens fall into the same band. (Fig. 4.) 
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Fig. 6—Fatigue test of escalator bracket. 


Effect of Surface Removal on Fatigue Properties 


Although it is generally believed that if the as-cast 
surface on die castings is removed there will be an 
appreciable loss in fatigue strength, this effect is 
small. Tests of smooth specimens, full size with as- 
cast surface and with 0.010 in. and 0.025 in. of sur- 
face removed, were made in rotating beam machines 
to evaluate the effect of removing the as-cast surface 
on fatigue properties. 

The results of these tests are shown in Fig. 5 as 
three separate S-N curves. Although there was some 
scatter in the results, single-line curves fit the data 
reasonably well and are more effective than bands in 
showing the effect on fatigue properties of removing 
the surface from the as-cast specimens. It was found 
that removing 0.010 in. from the surface reduced the 
endurance limit (for 500,000,000 cycles) about 10 per 
cent, and removing 0.025 in. caused an additional 
reduction in endurance limit of about 6 per cent. 
Although this reduction appears to be reasonable, it 
may not be of too much practical significance, since 
a band that would include all these test results would 
not be much broader than is found for as-cast smooth 
specimens. 


Escalator Bracket Simulated Service Test 


One load-carrying application in which aluminum 
die castings have been gaining rather wide acceptance 
is for escalator brackets, three of which support each 
tread plate. Such an application requires both load- 
carrying ability and resistance to fatigue. 

A simulated service test was developed to evaluate 
the fatigue properties of some of the die-casting alloys 
in such an application. The escalator brackets were 
fastened to a heavy fixture (Fig. 6) by cap screws lo- 
cated in the bosses provided for service installation 
and were loaded as cantilever beams at a speed of 
1800 vibrations per minute. A cam arrangement pro- 
vided positive equal deflection in the up and down 
directions. Equal torque values were used on the 
mounting studs throughout the test program to re- 
duce possible variation in fatigue life resulting from 
varied prestress levels. The apparent stresses at the 
point of maximum bending moment were estimated 
by use of stress analysis lacquer and mathematical 
analysis. 

The results of these simulated service tests are com- 
pared in Table 5 with the endurance limits of the al- 
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Fig. 7—-Static direct-loading breakdown test of clutch 
housing. 


loys tested. As the table indicates, the fatigue strength 
of the escalator brackets at 5,000,000 cycles is ap- 
proximately one-half of the endurance limit (ob- 
tained from rotating beam smooth specimens) at 500,- 
000,000 cycles. Little significance is placed on this 
factor of one-half. At the same time, the lower values 
obtained can partially be explained by the fact that 
there was a definite sharp notch in the escalator 
bracket that would reduce the fatigue strength ap- 
preciably as indicated in Fig. 4. This notch is located 
on the under side of the lower flange and adjacent to 
the rigid mounting block (Fig. 6). 
Automotive Clutch Housing 
Another application in which die castings of 380 


alloy have been used with success is automotive clutch 


TABLE 5—FATIGUE STRENGTHS OF SOME 
ALUMINUM ALLoy Dr1E-CASTINGS 





Fatigue Strength* Endurance Limit 
of Bracket, psi, of Alloy,t psi 
Alloy at 5,000,000 cycles (500,000,000 cycles) 
218 12,000 23,000 
85 11,500 23,000 
380 9,000 20,000 
360 9,500 20,000 


*Apparent stresses indicated by stresscoat and mathematical 
analysis at point of maximum bending moment. 

+ Based on completely reversed stress using R. R. Moore type 
machine and specimen. 





471 





Fig. 8—Fatigue test of clutch housing. 


housings.® In this application, the housing has to sup- 
port the rear end of the engine under dynamic stress 
or fatigue loading. Sand-cast iron and permanent 
mold-cast aluminum had been used successfully in the 
application, but it was believed that an aluminum 
die casting could do the job better because of its 
inherent strength characteristics (including better 
fatigue properties), reduced weight and fewer machin- 
ing operations. 

In developing the die-cast design, the intention was 
to determine stress levels in the previous designs with 
various types of load applied statically and dynami- 
cally and to duplicate these conditions in the pro- 
posed die-cast design. The development included 
static breakdown and fatigue tests. The criterion to 
be met was that the die casting should be equal or 
superior in performance to the previously used parts 
in all the various tests. 

Two different types of static breakdown tests were 
used in evaluating the final design. One of these was 
a direct load test which is shown in Fig. 7 with the 
load applied at the rear underside of the housing. The 
other test was one in which the housing was mounted 
in a testing machine in the same manner. In this test 
a plate was attached to the rear end of the housing 
and a load applied on a moment arm normal to the 
plate. 


‘TABLE 6—COMPARISON OF D1IE-CASTING AND PERMANENT-MOLD 
ALUMINUM ALLoy CLUTCH HOUSINGS 





Average Static 
Breakdown Strength, 





Fatigue Tests 








Ib Reversed 
Loading Centrifugal 
Weight, Direct on 19-in. Force, 
Type of Casting Alloy Ib Loading Moment Arm Ib Cycles Remarks 
Die Cast 380 4.86 10,600 2,400 1000 12,625,000 No Failure 
1220 1,766,000 Failed 
Permanent Mold 333 6.25 8,600 2,200 683 5,713,000 No Failure 
(9.0% Si, 820 3,295,000 Failed 
3.8% Cu) 820 2,491,000 Failed 
1000 4,173,000 Failed 


1000 713,000 Failed 
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Fatigue tests were conducted on the housings by 
rotating an unbalanced disc at a speed of 1780 rpm 
in the test set-up shown in Fig. 8. A self-aligning 
bearing was used in the rear of the housing with a 
universal joint in the drive shaft just behind the 
front face of the housing to allow for vibratory mo- 
tion in the housings. 

The results of the above tests are given in Table 6. 
The die castings had static breakdown strengths of 
several times the total weight of about 560 Ib for 
the engine and component parts. The static break- 
down tests indicate that the die casting had 10 to 25 
per cent greater strength than the previously used 
parts. The fatigue tests showed the die casting to be 
substantially superior also in fatigue strength. Both of 
these gains in strength are accomplished in a die-cast 
housing weighing approximately 20 per cent less than 
the permanent mold-cast housing that it replaced. 
This example illustrates what can be accomplished 
in applying good design to aluminum die castings. 


Conclusions 


1. Commercial aluminum die-casting alloys have 
the physical properties shown in Tables 2 and 3 at 
ordinary temperatures, while at elevated temperatures 
the tensile properties are as given in Table 4. 

2. Notches may have a detrimental effect on fatigue 
strength of die castings subjected to repeated stress, 
as is the case with other materials. A decrease in en- 
durance limit of as much as 60 per cent was found 
in tests of rotating beam specimens. 

3. The effect of notches on the fatigue strength 
is about the same whether the notches are machined 
or as-cast. 

4. Removal of the cast surface from a die casting by 
machining may decrease its fatigue strength slightly. 

5. From the data presented in the paper, it is ap- 
parent that aluminum die castings can be used satis- 
factorily for stressed parts that may be subjected to 
dynamic loading in service. When die castings are 
properly designed, they will, for many applications, 
weigh less per piece, require less machining, and per- 
form as well or better than sand or permanent mold 
castings. 
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Chairman: D. L. LaVeLtte, American Smelting & Refining 
Co., South Plainfield, N. J. 

Co-Chairman and Secretary: F. P. StRieTER, The Dow Chemi- 
cal Co., Midland, Mich. 

CHAIRMAN LAVELLE: Why do die castings have higher fatigue 
strengths than similar alloys cast in permanent holds or sand 
molds? 

Mr. SmitH: We are not sure why die castings are superior 
unless it is because of the surface skin. 

J. G. Mezorr:* When the surface skin was removed were 
the test bars sound? How would the properties of commercial 
die castings compare with the test bar values? 

Mr. SmitH: The test bars were sound. We would expect no 
great difference, but probably a slightly lower band of proper- 
ties, from commercial die castings. 

R. E. Warp:? Why does the removal of the surface skin 
cause reduced fatigue properties? 

Mr. SmitH: The properties drop because the skin has a 
higher strength. 

D. L. Cotwett:* The author is to be congratulated for 
presenting what I believe to be the first published account of 
correlating fatigue strength of die cast test bars with the fatigue 
strength of actual castings. Such information is badly needed 
in evaluating die castings for operating parts, and we hope 
that this paper is the first of a series. 

I was very much surprised by the reduction in the endur- 
ance limit from reducing the skin thickness, although the 
amounts of reduction were rather small. In the early A.S.T.M. 
tests in the late 1920’s, the A:S.T.M. Committee was surprised 
that castings with visible porosity, in many instances, showed 
the highest tensile properties. The fact that the chilled skin 
is the strongest part of the casting has been generally accepted 
since then, and this rapid chill is the reason for the much 
higher properties of die castings than would be obtained with 
the same alloys cast either in permanent molds or sand molds. 
Undoubtedly, the test bars which showed the small reduction 
in endurance limit, were very well chilled to a considerable 
depth. I should like to ask Mr. Smith if he has made any 
corresponding tests on actual castings with the skin removed. 

Mr. SMITH: No, we did not make such tests. 

Mr. MezorF: How does the surface smoothness affect the 
properties? 

Mr. SMITH: We do not know. All the tests were made on 
as-cast surfaces. 

1 Metallurgical Engr., The Dow Chemical Co., Midland, Mich. 


2 Asst. Factory Mgr., Bendix Aviation Corp., Teterboro, N. J. 
8 Director of Laboratories, Apex Smelting Co., Cleveland. 











AIR POLLUTION CONTROL EQUIPMENT FOR THE CUPOLA 


By 


D. E. Gilchrist* 


One of the serious problems facing industry today 
is air pollution. To many industrialists and techni- 
cians, this may seem to be a small part of the over all 
industrial problem facing us today. We should be 
aware of the normal trends of this nation from agri- 
cultural to industrial plus the normal, technological 
development. As our nation’s industry grows and 
becomes more concentrated, the normal waste thrown 
into the air becomes a serious health problem. 

Industrialists may say that this affects only a few 
local spots in our nation. However, we must consider 
public reaction to the industrial hazard resulting in 
health damage, and publicity given to areas such as 
Los Angeles and Donora, Pa. Here terrain, weather 
conditions and other circumstances are in a right rela- 
tion to greatly magnify the air pollution problem. 
In fact, these conditions have been so greatly magni- 
fied that it is quite popular to pass all sorts of ordi- 
nances, restricting emission to the atmosphere of all 
harmful gases, fumes, and smoke. In view of the 
many articles appearing in national magazines sug- 
gesting that the very air we breathe is dangerous, we 
can expect that the ordinance-writing authorities will 
restrict emission to a much greater extent. 


Air Pollution a Health Hazard 


We should not minimize the effect of polluted air 
on respiratory ailments, dermatitis, and as a possible 
contributing element in lung cancer cases. In fact, 
the National Cancer Institute says: “The demonstra- 
tion of cancer-producing chemicals in domestic, indus- 
trial, and commercial soots and in the exhaust of 
diesel and gasoline engines provide, at present, the 
only tentative clue in the sharp increase of lung 
cancer cases.” 

Recently, advertisements of cigarette manufacturers 
appeared claiming that: “There is no conclusive evi- 
dence that the increase in lung cancer cases has any- 
thing to do with the increased use of cigarettes.” 
Rather, they suggest that pollution of the air by in- 
dustry should be carefully checked. Further, a good 
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many technical groups have recognized this problem 
and have been sponsoring symposiums and technical 
discussions intended to educate industry to the prob- 
lem and to provide some sort of solution. 

Thus, the foundryman in some cities is being con- 
fronted by drastic ordinances intended to clean up the 
air of his particular city or area. Most of the limits 
placed upon emission rates actually apply only to 
steam generating equipment. Little trouble has been 
experienced in the past controlling the emissions from 
most foundry equipment, with the exception of the 
melting operations. Here, the effluent gases leaving 
the top of a cupola may be in excess of 2000 F, due to 
burning of its CO gas. While in a power house, highly 
efficient heat exchanging equipment limits the out- 
going gas temperature. This makes the design of col- 
lectors for melting equipment difficult, with only a 
few types of collectors being sold to foundrymen that 
will successfully pass all ordinances now in effect. 

Few people living in or near some of the badly 
affected areas of this country would disagree with 
the attempts being made to clean up the air in those 
cities. However, there are no more than a half dozen 
localities in the United States that have their pollu- 
tion problems serious enough to warrant the severe 
codes and ordinances that are being enforced in most 
of our major cities today. Few individuals or groups 
that have demanded codes on air pollution have un- 
derstood the problem, or have cared for the trouble 
that these codes will cause to industry. Reports from 
areas that have spent millions of dollars on equipment 
to reduce smog and irritance from the atmosphere 
have no conclusive proof the equipment installed has 
reduced that condition by any great degree. 


Types of Smoke Ordinances 


Published data on ordinances indicate there are 
more than 18 different types of smoke ordinances, 
ranging from the severe Los Angeles County, Calif. 
code to the common nuisance clause. (See Table 1.) 
The Los Angeles code limits the sulphur dioxide 
(SO,) to 2 per cent by volume with dust loading 0.40 
grains per cubic foot, adjusted to 12 per cent CO,; 
except that dust or fumes may not exceed amounts 
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TABLE 1—Some Typicat City Copes 





Atlanta, Ga. 
Dense Smoke Prohibited 
Limit of Smoke Density R3* 
Required Efficiency of Collector 
Minimum 90% Collection Entering Collector 
(Includes Nuisance Clause) 
East Chicago, Ind. 
Dense Smoke Prohibited 
Limit of Smoke Density R2* 
Required Efficiency of Collector 
0.85 Ib/1000 Ib of gas at 50% excess air 
(Includes Nuisance Clause) 


Baltimore, Md. 

Dense Smoke Prohibited 
Limit of Smoke Density R1* 

Required Efficiency of Collector 
0.75 grains per cu ft at 500 F and 50% excess air of 
which not more than 0.2 grains per cu ft shall be larger 
than 325 mesh 
(Includes Nuisance Clause) 


Detroit, Mich. 
Dense Smoke Prohibited 
Limit of Smoke Density R1* 
Required Efficiency of Collector 
0.30 grains per cu ft at 500 F and 50% excess air 
(Includes Nuisance Clause) 
New York City 
Dense Smoke Prohibited 
For processes other than steam 0.85 1b/1000 lb gas 
adjusted to 50% excess air. 40 1b/1000 Ib of gas shall 
not be larger than 325 mesh. 
(Includes Nuisance Clause) 
Los Angeles County, Calif. 
Dense Smoke Prohibited 
Limit of Smoke Density R1* 
Required Efficiency of Collector 
2% volume of SOs. 40 grains per cu ft adjusted to 
12% COs except that dust or fumes may not exceed 
amounts shown in Table of Ordinances, varying from 0.24 
lb/hr with process weight of 50 lb/hr to 40 lb/hr with 
process weight of 60,000 lb/hr maximum permitted 40 
lb/hr regardless of process weight. See Table 2. 
(Includes Nuisance Clause) 
*“RI1 to R3” indicates the amount of smoke permitted by com- 
parison to a Ringlemann chart. 
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Fig. 1—Particle size of most foundry contaminants. (From 
published data on particle sizes) 
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shown in table of ordinance, varying from 0.24 lb per 
hr with processed weight of 50 lb per hr, to 40 Ib per 
hr with processed weight of 60,000 lb per hr. The 
maximum permitted is 40 lb per hr, regardless of 
processed weight. (See Table 2 and Fig. 1.) 


TABLE 2—TABLE SHOWING MAXIMUM PERMISSIBLE 
EMISSIONS OF STACK SOLIDS FOR VARIOUS WEIGHTS, 
Los ANGELES County. (Not Complete) 








Process Max Wght Process Max Wght 
Wt/hr, lb Discharge/hr, lb Wt/hr, lb Discharge/hr, lb 
1000 2.80 7500 8.39 
1500 3.54 10000 10.0 
2000 4.14 15000 13.13 
2500 . 4.64 18000 14.97 
3000 5.10 20000 16.19 
3500 5.52 30000 22.22 
4000 5.93 40000 28.3 
4500 6.30 50000 34.3 
5000 6.67 60000 40.0 
or more 





The usual nuisance clause generally prohibits the 
injury, detriment, or annoyance to any persons or to 
the general public. This clause is so general in nature, 
and so lacking in definition, that it is impossible to get 
a guarantee from any manufacturer of dust control 
equipment that his particular equipment will meet 
codes based on a nuisance clause alone. 


The Problem 


As stated previously, effective dust control equip- 
ment has been available for most foundry operations 
for a good many years, except for melting. The melt- 
ing operation, due to its combination of high tem- 
perature, excess gases, and high dust loading of sub- 
micron particles, has made effective dust and air pol- 
lution control equipment extremely costly. The pur- 
pose of this paper is to report progress to date on the 
control of emission from melting equipment, and, 
specifically, the iron melting cupola. To the large 
corporation, the installation cost of dust control 
equipment on his cupola may be only a small per 
cent of his total investment; or to the smaller oper- 
ator, the cost of the equipment could very well be 100 
per cent of his total capitalization. The problem, 
then, is to show the small and medium-sized operators 
of cupolas how they can get the most for their money 
invested in cupola dust control equipment. 

Most of the material charged into a cupola furnace 
is of a dusty nature. The fuel—generally, coke—is 
quite fragile and tends to break up in fine particles. 
The metal covered with dust, sand, and oxides is 
dropped into the top of the cupola. Finely divided 
iron particles cling to the large pieces, plus—fre- 
quently—loose briquettes of fine iron and steel chips. 
All of this is accompanied with high volumes of air 
being forced through the twyeres to support combus- 
tion, This expansion of air, due to increased tempera- 
ture, plus the thermal or stack effect of the cupola 
provides the velocity that carries all of these particles 
into the atmosphere. 

From work done on the West Coast and reported 
by the Bureau of Mines Information Circular 7627, 
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and reported in 1953 to the American Foundry Society 
by Pring,* we may expect the following dust loadings: 





Size of Particles Per Cent 





45%,-75% 
507 .9507 
15%-25% 


1% -15% 


44 micron and larger 
20-44 micron 
0.001-20 micron 





If we allow 100 per cent air entering through the 
charging door, depending upon the size of the door, 
for a 60-in. cupola, using 7500 cfm of air through the 
tuyeres, and melting 15 tons per hour, we may expect 
the following dust loadings based upon 1 per cent 
emission of the processed weight. Let us assume- 
2,000 Ib of iron, 
plus 300 Ib of coke 
2,300 Ib of charge 
1% x 2,300 lb = 23 Ib 
or 161,000 grains per ton of 
processed material. 


Air through the tuyeres in the amount of 7,500 cfm 
plus 100 per cent excess air equals 15,000 cfm. The 
15 tons per hour melt, times 161,000/60 equal 32,000 
grains of dust per minute; 32,000 divided by 15,000 
equals 2.14 grains per cubic foot of standard air. 
Then, for a collector efficiency of 70 per cent we would 
emit into the atmosphere 0.65 grains per cubic foot. 
For a collector efficiency of 80 per cent, we would 
emit into the atmosphere 0.43 grains per standard 
cubic foot. 

These figures are higher than checks made by the 
Air Pollution Control District of Los Angeles County. 
They indicate 1.09 to 1.32 grains per cubic foot be- 
ing emitted before a collector was installed. Thus 
with an 80 per cent efficiency, the total emission of 
particulate matter to be 61 lb of fly ash per hour. By 
checking the above rate of discharge of fly ash with 
Table 1, you will see that this is within the range of 
most city codes, except that of Los Angeles County, 
which would—at the rate of 15 tons per hour—limit 
the weight of fly ash being discharged to the at- 
mosphere to 22.2 lb per hr. 


Available Equipment 


What can the foundry operator propose to his man- 
agement in the way of equipment to prevent air 
pollution by his cupola? First of all, equipment is 
available that will pass any code that exists in this 
country today. This highly efficient equipment will 
not only remove all of the dust particles from the out- 
going gas, but will remove practically all of the dis- 
coloration as well. To date, the cost of such equipment 
is so high that it will be prohibitive to all but the 
largest of operators. 

Several articles and papers have been published by 
AFS describing equipment and its efficiency. However, 
in view of the fact that many people are not familiar 
with this equipment, we should review some of 
the different types of equipment. 





_*See “Air Pollution Control Equipment for Melting Opera- 
tions in the Foundry Industry,” by R. T. Pring in AFS TRans- 
actions, vol. 61, pp. 467-478 (1953). 


475 


Screen Cage 


This equipment consists of a large metal frame cov- 
ered with expanded metal mesh or screen on all sides, 
including the top. The bottom of the cage may be 
built to divert the ash into chutes leading to hoppers 
at the ground level. The only purpose of this type 
of equipment is to prevent large particles from settling 
on adjacent roofs and plugging gutters and down- 
spouts. This equipment is the least efficient and is not 
recommended. Its installed cost may vary from $3,000 
for a No. 4 cupola to $6,000 for a pair of No. 10 
cupolas combined into a single unit. 


Centrifugal and Inertia Types 


Included in this group would be the simple cy- 
clones, high efficiency cyclones, baffle type, louvered 
cones, fan-type centrifugals, and other designs of 
mechanical collectors. In most cases, the equipment 
requires the cupola to be capped and all the exhaust 
gas drawn through the collector by means of an ex- 
ternal fan. (See Fig. 2.) The carbon monoxide must 
be burned either in the upper section of the cupola or 
in a separate combustion chamber. If this gas is not 
ignited, a serious explosion may result, 
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Fig. 2—A typical installation of a dry cyclone cupola 
collector. 


It is generally considered necessary to provide a 
cooling spray either within the ductwork, or on a 
separate cooling tower. The top of the cupola should 
have explosion-type doors that are counterbalanced 
so that any puff of CO gas that is ignited suddenly 
will not damage the equipment. Also, in an emer- 
gency, these doors may be opened to the atmosphere. 
The cost of this equipment would vary from $30,000 
to $35,000 per pair of No. 4 cupolas to $45,000 to 
$53,000 per pair of No. 10 cupolas. In each case, the 
greater cost is the high efficiency type. See Table 3. 


TaBLeE 3—DATA ON CENTRIFUGAL AND INERTIA TYPE 
CuroLa COLLECTOR 











No. 4 Cupola No. 10 Cupola 
Tuyere Volume $,000 cfm @ 70° 7,500 cfm @ 70° 
Estimated Infiltered Air 3,000 cfm @70° 7,500 cfm @ 70° 
Total Air 6,000 cfm @70° 15,000 cim @ 70° 
Cooling Water 20 gpm 50 gpm 


Estimated Cost—Installed $30,000 to $35,000 $45,000 to $53,000 
Cost per cfm of Tuyere Air $10.00 to $11.60 $6.00 to $7.00 
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Of this cost, approximately 25 per cent represents 
the installed cost of the collector. The balance covers 
cost of cooling towers, ductwork, fans, controls, etc. 
From published data on the efficiency of the different 
types of cyclones and claims by the manufacturers, 
we may expect approximately 50 per cent efficiency on 
the simple types to as high as 80 per cent for the 
higher efficiency type. When installing dry-type equip- 
ment, the cost should be carefully considered relative 
to results. 

Of interest in this same group is a collector sold 
under the patent name of Vortex. Quite a few installa- 
tions have been made in the Middle West. It consists 
of a large cylindrical body with a conical bottom. 
The interior has an inverted cone that is somewhat 
smaller in diameter than the outer shell of the col- 
lector. The air, under negative pressure from an 
exhaust fan, enters on the outside of the inverted 
cone and near the top of the outer shell. The dust- 
laden air passes downward and around the cone, and 
due to the limited area between the cone and the. 
shell, the gases are increased in velocity. 

The gases must then make a 180-degree turn. This 
centrifugal action, plus the rapid decrease in velocity 
of the gas as it enters the inverted cone, drops out 
most of the dust particles. Here again, the CO gases 
must be burned before entering the collector as a 
safety precaution, and then cooled to a recommended 
600 F by means of a water spray. This also protects 
the dust collector and connecting duct work from 
excess temperature. The collector can then be run 
dry with a resultant claimed efficiency of 75 per cent. 
By the addition of further water sprays in the col- 
lector, the efficiency can be increased to 90 per cent. 


Centrifugal Scrubbers 


This type of equipment consists of a wet washer 
combine with centrifugal action plus impingement of 
particles on baffles, Fig. 3. We should expect this 
equipment to have an efficiency of 95 per cent or 
better. Claims of the manufacturer indicate 0.005 to 
0.01 range per standard cubic foot of discharged gas, 
or about 99 per cent efficiency. This equipment would 
be installed similar to the dry type except that no 
cooling tower would be needed. The loss of water 
would not be as great with the wet type of washer, 
since most of the water vapor would be condensed. 
See Table 4. 
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Fig. 3—A typical installation of a cupola equipped with a 
centrifugal scrubber for dust elimination. 
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TABLE 4—DaTA ON CENTRIFUGAL SCRUBBERS 





No. 4 Cupola No. 10 Cupola 
3,000 cfm @ 70° 7,500 cfm @ 70 
3,000 cfm @ 70° 7,500 cfm @ 70° 
6,000 cfm @ 70° 15,000 cfm @ 70° 





Tuyere Volume 
Estimated Infiltered Air 


Total Air 








Water for Scrubbing 225 gpm 400 gpm 

Make-up Water (Loss) 20 gpm 35 gpm 

Estimated Cost—Installed $47,000 $64,000 

Cost per cfm of Tuyere Air $16.00 $8.50 
Bag Filters 


Published data indicate that of all the types of dust 
collectors installed in the Los Angeles area, only two 
types can pass this strict code and claim to have a 
clear gas discharge. They are the bag filter and the 
electrostatic precipitator. 
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Fig. 4—A high efficiency fabric dust arrestor that can suc- 
cessfully provide a clear discharge from a cupola. 


The bag filter, Fig. 4, must draw the effluent gases 
through a cooling tower to prevent damage to the 
cloth bags. One manufacturer recommends that the 
temperature should not exceed 275 F. A typical in- 
stallation would have a refractory-lined counter- 
weighted door that would close the top of the cupola. 
The manufacturer also recommends that the charging 
door have baffles to reduce the area so that a velocity 
of at least 200 ft per min be maintained into the 
cupola. This is necessary, because the exhauster— 
after the collector—limits the volume of air infiltered 
to only 100 per cent of the tuyere air. 

The cupola is connected to the cooling tower by 
means of a refractory-lined duct. The cooling tower 
is equipped with spray nozzles. The volume of water 
used is controlled by the temperature of the outgoing 
gases from the cooling tower. Reports by the designers 
and builders of this equipment indicate that the 
maximum temperature encountered leaving the cu- 
pola is about 2,000 F. The cool gases then pass 
through a bag filter. In this case, the air passes 
through four sections while the fifth section is being 
shaken. The manufacturer recommends that the bag 
be made of orlon or fiberglass. A by-pass arrangement 
must be provided, protected by a thermocouple to 
automatically by-pass the gas in case the temperature 
rises above the danger point. When the bag material 
is orlon, the gas should be cooled to 275 F; for fiber- 
glass, the gas temperature should be approximately 
450 F. (See Table 5.) 
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TABLE 5—DaATA ON BAG FILTERS 
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TABLE 6—DATA ON ELECTROSTATIC PRECIPITATOR 





No. 4 Cupola No. 10 Cupola 


No. 4 Cupola No. 9 Cupola 





3,000 cfm @ 70° 7,500 cfm @ 70° 
3,000 cfm @ 70° 7,500 cfm @ 70° 
6,000 cfm @ 70° 15,000 cfm @ 70 
Cooling Water 20 to 25 gpm 455 to 65 gpm 
Estimated Cost—LInstalled $35,000 $60,000 
Cost per cfm of Tuyere Air $11.50 $4.00 


Tuyere Volume 
Estimated Infiltered Air 


Total Air 








Electrostatic Precipitators 


The electrostatic precipitator would be considered 
a high efficient dust collector. Under control condi- 
tions it has obtained an efficiency of 90 per cent and 
upward. Published data indicate that this may be as 
high as 97 per cent. The claims of the manufacturer 
indicate that the equipment will remove particles as 
small as 0.002 microns. Here again, the equipment is 
quite expensive, 

Electrostatic precipitator, when used as a dust col- 
lector on a cupola, consists of a large, box-like steel 
shell, Fig. 5. The interior is filled with plates or tubes 
through which contaminated gas may flow. The 
plates, which are grounded, attract negative-charged 
particles. The particles receive their negative charge 
from the high tension (up to 75,000-volt) electrodes, 
which are suspended between the plates. Since some 
of the dust particles will cling to the positive plates, 
a wrapping device must be used to loosen the dust. 
It then falls into a hopper on the bottom of the col- 
lector. Like the other dry-type collectors, a method 
must be provided to cool the gases, as well as provide 
the correct moisure to condition the gas. 
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Fig. 5—A schematic layout of an electrostatic precipitator 
combined with a waste heat recuperator. 





One of the variables that affects electrostatic precipi- 
tator design is the resistivity of the dust particle; i.e., 
the resistance of the particle to take a negative charge. 
This resistivity varies from cupola to cupola, depend- 
ing upon the chemical make-up of the particles. The 
resistivity can be controlled by changing the tempera- 
ture of the gases, plus varying the moisture content. 
Another factor that influences efficiency is the time 
the particle is in the electrostatic field between the 
plate. From tests on the particle and estimates on 
volume of gas to be treated, the manufacturer can 
recommend the size of collector. (See Table 6.) 


Tuyere Volume 3,000 cfm @ 70° 7,500 cfm @ 70° 
Infiltered Air 3,000 cfm @ 70° 7,500 cfm @ 70 
*Total 6,000 cfm @ 70° 15,000 cfm @ 70 
Water for Conditioning 
and Cooling 
Cost of Equipment—Installed $70,000 $85,000 
Cost per cfm of Tuyere Air $23.00 $11.50 








Waste Heat Recuperators 

As stated previously, the gases being released from 
the top of the charge contain carbon monoxide gas in 
varying amounts. This gas will burn when combined 
with oxygen provided it is at the proper ignition 
temperature. We have previously noted that this gas 
must be burned before entering the dust collector. 
Checks on cupolas indicate that the gas temperature 
leaving the cupola may average from 500 F to 1000 F 
before the CO gases were ignited. 

After this ignition takes place, it is possible to get 
temperatures of 2000 F and upwards, depending upon 
the volume of air entering the charging doors. In 
fact, calculations based upon checks for a No. 9 cupola 
with 5500 cfm of 70 F blast air and 14 per cent CO 
in the stack gases, approximately 15,000,000 Btu per 
hr would be available if the CO was burned to CO,. 
If a dry type collector were used, it would be necessary 
to cool the gases to 275 F if orlon or similar bag 
material was used. This would require approximately 
1700 gal/hr of water. 

As indicated above, with the amount of heat being 
wasted per hour for an average size cupola, we can 
see why so much interest has been shown in the pre- 
heating of the combustion air. Equipment, now being 
manufactured to take advantage of this waste heat, 
has been installed with good results in many large 
installations in the United States. In Europe, the 
waste gas recuperators have found even greater favor. 

In checking the economics of different types of 
cupola collectors, it would be wise to consider the 
installation of a waste gas recuperator. Claims by 
manufacturers of this equipment indicate a decrease 
in coke consumption, increase in melting capacity, 
increase in iron temperature, decrease in silicon loss, 
increase in refractory life, etc. One should bear in 
mind that the above claims can be duplicated by pre- 
heating the combustion air with indirect-fired heaters. 
Generally speaking, the cost of maintenance of the 
waste heat recuperator has been high and may com- 
pletely offset the fuel cost of direct-fired air preheaters. 
Thus the cost of the waste gas recuperator should be 
compared directly with the indirect-fired air pre- 
heaters. 

Referring again to the 15,000,000 Btu’s of available 
heat in the CO gases, this was based upon 5500 cfm 
of standard air and 14 per cent CO. Assuming this 
5500 cfm was heated to 550 F, a rise of 490 F, 550 cfm 
of air heated 490 F would require approximately 
3,000,000 Btu of the estimated 15,000,000 available. 

Installations using waste heat recuperators have 
been aware of this trouble of excess heat, Attempts 
have been made to heat the blast air to higher tem- 
perature and to install spray cooling towers. Again, 
this increases the cost of the installation. 








Wet Washer 


In 1948, one of the midwest manufacturers of farm 
implements started studies on cupola fly ash elimina- 
tion. No codes were in existence in the cities in which 
we have foundries. It was thought a simple wet 
washer would remove all the particulate matter above 
the 10 micron size. In the application of Stokes’ law 
to particles with a mean diameter of 10 microns, we 
find a terminal settling velocity of 0.01 ft per sec 
would be attained. Assuming a 5-mile per hour breeze, 
we find the 10 micron particles will drift for 14 miles 
before touching the ground, when released 100 ft in 
the air. Naturally, particles smaller than the 10 
micron size would drift for a much greater distance. 

It was necessary at that time to provide our own 
analysis of the cupola emission, since no published 
data were available to us. Our tests revealed that 
the ash was heavy enough to settle out in water but 
that very low settling time was necessary to collect 
all solids. Our first collector was to be installed on 
one of a pair of No. 6 cupolas located in Moline, 
Ill. The cupolas were not far from the Engineer- 
ing Office and would be handy for test purposes. 
Since the water for dust collecting purposes must be 
circulated in this plant, a vertical settling tank with 
a cross weir was provided. 

Pumping equipment consisted of two 100-gal per 
min, 30-ft head pumps with special alloy impellers 
and casings. One pump was intended as a standby. 
As shown in Fig. 6, our first washer consisted of a 
cylindrical shell approximately 10 ft in diameter sup- 
ported from the cupola shell by stainless steel rods 
1 in. in diameter. Additional rods supported the 
stainless steel cone. Our spray nozzle was designed 
specially for this job with a higher angle of discharge. 
This was located only a few inches above the stainless 
steel cone. Only a small percentage of water impinged 
on the cone. The bulk of the water provided a hori- 
zontal curtain to which the gases must pass. 

The first washer installed had an opening between 
the shell and the collecting trough around the cupola. 
It was thought this would induce air and prevent 
excessive high temperature from damaging the equip- 
ment in the event of water failure. All of the water 
was collected in the open troughs around the cupola. 
This design met our specifications as far as collector 
efficiency was concerned. No further trace of fly ash 
was found on the roofs or adjacent ground. However, 
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Fig. 6—A wet washer mounted on top of a cupola. 
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an excessive amount of water was being lost, and 
later operations in winter months revealed a steam 
plume from the top of the collector, as well as the 
open bottom troughs. 

These troughs were later covered over and an im- 
pingement baffle located on the top of the collector. 
Since that time, the collectors have required approxi- 
mately 4 per cent to 6 per cent water additions. The 
second collector was installed in 1950 on the second 
cupola. Approximately six months after the first col- 
lector was installed, a serious erosion problem devel- 
oped. All of the vertical pipe sand elbows carrying 
high velocity water had to be replaced. It soon be- 
came apparent that wherever the discharged water 
reached high velocity the metal was badly eroded. 


pH Value of Water a Corrosion Factor 


Previous to this trouble, only a few tests had been 
run to find the pH factor of the circulated water. In 
all of these readings none revealed any bad acid 
effects. However, when hourly checks were made it 
soon revealed that a bad acid condition existed at 
certain times, Readings were as bad as pH 5.4. 
Apparently, the early readings had been taken soon 
after heavy additions of make-up water had been 
added. An‘attempt was made to neutralize the water 
by adding sodium hydroxide by means of a conduc- 
tance cell device. This did not prove successful. At 
the present time a dry chemical feeder is being used 
to add soda ash. Also, cast iron wear plates have been 
added where the spray water containing the fly ash 
strikes the sides of the collector. 

During 1951 and 1952 five additional collectors 
were installed on larger cupolas, No. 9 and No. 10. In 
each of these cases no water was recirculated. On one 
of the cupolas, a settling tank was provided to take 
out the fly ash before over-flowing the water into the 
storm drains. These collectors, using raw water 
pumped from the river, have shown no signs of ero- 
sion. These later installations do not use stainless 
steel in the cones. Regardless of safety devices being 
installed in the water supply to the collectors, the 
water supply has failed at one time or another. In 
most cases the cones in the collectors were warped and 
required straightening. This could readily be done 
whenever the cones were made from mild steel. The 
cost of straightening the stainless steel cones exceeded 
the cost of a new cone made of mild steel. 

As far as the author's company is concerned, these 
collectors have proved satisfactory. Test panels in- 
stalled on roof areas do not reveal any falling fly ash. 
It should be noted that in no case have we installed 
collectors on our cupolas to comply with existing 
ordinances; nor has any attempt been made to test 
accurately the performance of these collectors since 
no standard method of sampling that will give con- 
sistent results has been agreed upon. Early tests did 
indicate that the emission was from 0.10 grains per 
cubic foot to 0.25 grains per cubic foot. However, 
the accuracy of these results was questioned at the 
time. Reports from manufacturers of this type of 
equipment indicate that under a_newly-devised 
method of testing, an average of 0.35 grains per cubic 
foot may be expected. See Table 7. 
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TABLE 7—DATA ON SIMPLE WET WASHER 





2 Ne. 4 Cupolas 2 No. 9 Cupolas 





7,500 cfm @ 70 
15,000 cfm @ 70° 
22,500 cfm @ 70° 


Tuyere Volume 

Estimated Infiltered Air 
Total 

Water Requirements for 


3,000 cfm @ 70° 
6,000 cfm @ 70 
9,000 cfm @ 70 





Washing (Approx.) 100 gpm 220 gpm 
Make-up Water (For Re- 

circulating System) 10 gpm 20 gpm 
Cost of 2-Collectors, Recir- 

culating Tanks, Pumps, & 

Controls—Installed $20,000 $26,000 
Cost per cfm of Tuyere Air $6.75 $3.45 





What can be recommended to the foundryman who 
wants to prevent air pollution by his cupola? In one 
case the choice of equipment may be influenced by 
the ordinance in effect in the city or area where the 
equipment is located. On the other hand, the choice 
may be motivated by a sincere desire to prevent 
contamination of the air and surrounding property 
regardless of the existence of codes. Only in rare 
instances has neighboring industry or residential de- 
mands been so severe that the foundry has not been 
able to install the more economical equipment. The 
Los Angeles District is an example of an area that 
requires the most costly type of equipment. 

If the foundryman’s plant should be judged a 
nuisance with no recommended limits that must be 
met to prevent damage, probably no amount of money 
spent on equipment will satisfy the plaintiff. In this 
case, the only recourse open to the foundryman is 
to appeal for mercy in the courts. 

Assuming the existence of an air pollution code, 
the foundryman must comply by installing equipment 
that will prevent a discharge of say 85 lb of solids 
per thousand Ib of effluent gas. This is an average 
code similar to that now in effect in Allegheny 
County, Pa.; St. Louis, Mo.; St. Paul, Minn.; etc. This 
would not be considered a severe code. This re- 
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quirement can be met by installing wet washers, cer- 
tain types of mechanical collectors, most wet collec- 
tors, bag filter and electrostatic precipitators. 

Prices should be obtained from the manufacturer. 
Also, written statements regarding the relative effic- 
iency and the type of equipment installed on the 
owner's cupola. Comparison prices should include 
all auxiliary equipment and all installation labor 
costs. From these data the selection can be made. 
Certainly the owner would be justified in selecting the 
lowest priced system that will meet the ordinance. 
(See Fig. 7.) 

The next step will be to get approval of the equip- 
ment by the local enforcing agency. The manu- 
facturer of the equipment you have selected can be of 
great help in obtaining this approval. In some cases 
the enforcing officiak may demand testing of the 
equipment as installed. This may be a costly item 
and will vary depending upon the type of equipment 
selected. This testing should be considered in the 
comparison since the cost of this testing is generally 
borne by the purchaser of the equipment. 

Let us consider the foundry that operates in an 
area that at present does not have ordinance or codes 
restricting emission that will contaminate the air. 
Certainly a friendly attitude towards the neighbors by 
attempting to provide a clean atmosphere will go a 
long way in preventing the demands for severe re- 
strictive codes. Also, if more economical but less 
efficient equipment has been installed, it is doubtful 
if the enforcing officials will demand replacement 
with more efficient equipment if a code is later ap- 
proved. 

In preparing this report it is hoped that the foun- 
dryman will be made aware of the trends in controls 
of air pollution and what can be done to comply with 
these codes and ordinances as far as equipment is 
concerned. It is the opinion of the writer that the 
number of cities and areas with severe air pollution 
codes will probably increase in the future as well as 
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the codes becoming more restrictive. It will do little 
good to move plants to more secluded spots since the 
industrial plant only tends to attract residential areas 
around it. The foundryman when confronted by the 
demands for ordinances of air pollution can call for 
help from the many committees working on this prob- 
lem. One of these committees, the AFS Air Pollution 
Control Committee, has prepared a manual and data 
intended to educate the foundryman as well as the 
ordinance writing authorities. These data as well as 
personal help from these committeemen would result 
in more realistic codes. 
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DISCUSSION 
Chairman: JAMES THOMSON, Continental Foundry & Machine 


Co., East Chicago, Ind. 

Co-Chairman and Secretary: H. W. JouNsON, Wells Mfg. Co., 
Skokie, Ill. 

E. V. Prazzo:' Does efficiency range indicated in the table 
apply to overall efficiency? 

Mr. Gitcurist: Yes, the efficiency range indicated in Fig. 7 
is an overall efficiency figured on a weight basis. These efficiency 
ranges were furnished by manufacturers of the different types 
of equipment listed. 

H. J. Gomya:? If the area between the cone and the outside 
shell of the washer was made too small, back pressure in the 
cupola could develop. Manufacturers of this equipment have 
established the correct proportion of area in the collector so 
that the purchaser need not worry about this detail. 

R. L. JouNnson: * Regarding the wet washer type of collectcr, 
is there any information available relative to cost of operation 


per ton? 





AIR POLLUTION CONTROL EQUIPMENT FOR THE CUPOLA 


Mr. GILcuRist: I have no figures available governing cost of 
operation. However, it should be simple to figure this item. If 
you are using raw water the cost of operation will be (1) 
pumping cost, (2) cost of the additions to prevent acid build 
up in the settling tank, and (3) cost of handling the fly-ash. 

The maintenance cost will depend upon how successful you 
are in controlling the acid condition. As I stated previously, 
if the water for the collector is not recirculated or if the return 
water for the collector is aliowed to flow into a settling tank 
that also contains recirculated water from the slagging system, 
dust collecting systems, etc., it is doubtful if you will experience 
trouble with any acid condition. 

A. S. Lunpy: * What are the fire insurance rates through use 
of such equipment? 

Mr. GiLcurist: It is possible to get a reduction of fire insur- 
ance rates under certain circumstances. If, for instance, the 
insurance company was charging an additional premium due 
to the bad condition of the roof area adjacent to the cupola, 
it might be possible to eliminate this extra premium by install- 
ing the wet washer, which would in turn prevent many of the 
small roof fires that get started. 

C. R. Douctas:* How do you control discharge to cone on 
wet washer and do you get misting? 

Mr. Giccurist: Each manufacturer of this equipment ‘has a 
patented system. On the collectors in question, as installed by 
our organization, the nozzle is one designed special for this job 
with a discharge opening ranging from 114 to 2144 in. The 
angle of discharge of spray is approximately 120 degrees. This 
allows a small portion of the spray water to impinge on the 
cone section of the collector. We have not experienced too 
much trouble with misting. However, in cold weather it is 
possible to see a steam plume above the collector. 

A. W. CAcper, JR:® What can be done to get help for code 
violation on account of severity? 

Mr. Gitcurist: The best way to help an individual in deal- 
ing with existing codes would be to call upon help from the 
many committees working on this problem. I think someone 
from the AFS Air Pollution Control Committee would be able 
to help you in trying to rewrite the existing code or to get 
special approval for non-conforming. Naturally, the time to 
take interest in a city code is before it actually becomes law. 


1 Whiting Corporation, Harvey, Ill. 

* National Cash Register Co., Dayton, Ohio. 
% Bucyrus Erie Co., Erie, Pa. 

4 Claude B. Schneible Co., Detroit. 

5 Westinghouse Electric Corp., Pittsburgh. 

® Builders Iron Foundry, Providence, R. I. 
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SEGREGATION 
EARTHS-ZINC-ZIRCONIUM ALLOYS 





By 


IN MAGNESIUM-RARE 


H. M. Skelly* and D. C. Sunnucks** 


ABSTRACT 

Light areas on radiographs of EZ33 alloy castings are de- 
scribed and are shown to be caused by eutectic segregation of 
relatively high absorption coefficient. 

A special test casting, in which segregation can be induced, 
was developed to assist in making a detailed study of the 
segregation. 

Tests show that segregation influences the mechanical prop- 
erties as follows: 

(a) At room temperature, the ultimate tensile strength and 


elongation are slightly lowered, and the yield strength is 
unaffected. 
(b) At 392 F (200 C) the ultimate tensile strength, yield 


strength and elongation are not affected. 

(c) There is no loss of creep resistance at 392 F (200 C) under 
a stress of 6,720 psi. 

(d) The room temperature fatigue strength is not signifi- 
cantly affected. No tests were made of the elevated temperature 
fatigue strength, but it is reasoned that this property is unlikely 
to be lowered by segregation. 

It is demonstrated that segregation is not peculiar to EZ33, 
and may occur in other alloys. 

Although it is shown that the critical properties of EZ33 alloy 
are not seriously affected by the segregation, nevertheless the 
presence of heavy segregation may be an indication of casting 
conditions which will result in serious defects. Methods are 
discussed for reducing the incidence of segregation or elimin- 
ating it. 





* Aluminum Laboratories Limited, Kingston, Ont., Canada 
and ** Aluminum Company of Canada, Limited, Montreal, 
Canada. 
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Introduction 


The magnesium-base alloy studied in this work is 
designated ZREI, or alternatively EZ33, and is of 
the approximate composition rare earth metalst 3 per 
cent, zinc 3 per cent, zirconium 0.7 per cent. Aircraft 
sand castings in this alloy were first produced in the 
author’s foundry in 1950. From the first, no unusual 
difficulties were experienced in processing the alloy, 
meeting specified mechanical properties or in produc- 
ing castings free of commonly-recognized casting de- 
fects. However, light areas in the radiographs, of 
which the form shown in Fig. | is one example, rather 
than the dark areas of the more usual defects as il- 
lustrated in Fig. 2, presented an early problem. It 
is of interest that this effect in some forms, as ob- 
served radiographically, resembles flash on the casting 
and may possibly escape detection as an internal 
manifestation if the radiographer is not prepared for 
its occurrence. 

In some instances, the effect was actually found to 
appear on the surface of the casting as a raised “fin” 
as if the metal had partially filled a crack in the 
mold or in a core. The radiographic appearance co- 





+ Added as cerium mischmetal, and referred to hereafter as 
“rare earths.” 


Fig. 1 (Left)—Radiograph of hot-short crack 
type of segregation in EZ33 alloy casting. Fig. 2 
(Above )—Radiograph of pipe shrink defect. 
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incided with the geometry of the raised portion and 
might, on superficial observation, be attributed to it. 
On cleaning off the excess metal flush with the cast- 
ing surface and again radiographing the section, the 
effect showed up quite clearly in the x-ray plate and 
it was obvious that the light areas on the film rep- 
resented radiographically dense material that ex- 
tended partially or completely through the casting 
wall. 

The object of this work was to establish the na- 
ture of the effect so that measures to eliminate it 
might be best determined. Since the foundry might 
not always be entirely successful in accomplishing 
this, another object was to determine in what degree 
important properties are affected so that standards 
of acceptance and rejection might be better estab- 
lished. 


Form and Cause of Segregation 

To clarify the factors involved and to properly 
select samples for test, the various forms of the effect 
were first studied. Because of the high absorption co- 
efficient of the rare earth elements and, to a lesser 
extent, the zinc, it seemed most likely that the radio- 
graphically dense areas were simple concentrations of 
eutectic, or near-eutectic, composition and this was 
confirmed by metallographic examination as discussed 
later in this section. The eutectic at the magnesium 
end of the magnesium-cerium binary system contains 
21 per cent cerium, the two phases being the « -solid 





Fig. 4—-Radiograph of partially-fted pipe-shrink in EZ33 
alloy casting. e 
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Fig. 3—Radiograph of 

oipe-shrink type of seg- 

regation in EZ33 alloy 
casting. 


solution and the £ -intermetallic compound Mg,Ce’. 
It would, therefore, be expected that regions of segre- 
gation would analyze high in rare earths, and this was 
confirmed by the following chemical analysis figures: 


% Rare Earths % Zinc % Zirconium 
Casting No. | 12.0 3.5 not determined 
Casting No. 2 5.5 3.6 0.6 


Figure 3 shows a radiograph of an effect that we 
believe was, in its incipient stage, a pipe-shrink, It 
has subsequently been fed from adjacent, partially- 
solidified sections by metal, which, still being fluid, 
is closer to the eutectic composition than the initially 
solidified metal. The mechanism of this action is 
made clearer in Fig. 4 which shows a pipe-shrink that 
has been only partially fed with the unfed portion 
showing the usual radiographic appearance of the 
shrink. For further comparison, Fig. 2 shows a radio- 
graph of a typical pipe-shrink. Figure 5 is a photo- 
micrograph of a section taken across the segregation 
shown in Fig. 3 with the concentration of eutectic 
clearly apparent. 

Figure | shows another form of eutectic concentra- 
tion. In this example the primary cause of the segre- 
gation is manifestly different. We believe conditions 
have been such during cooling of the casting that a 


> Shoe PNg 3 Vag ees Sin 


Fig. 5—Photomicrograph of pipe-shrink type of segrega- 
tion in EZ33 alloy casting. As cast. Unetched. Mag— 


50x. 
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Fig. 6.—Radiograph of microshrinkage 
type of segregation in EZ33 alloy cast- 
ing. 


hot-short crack has formed which has then apparently 
been fed in the same manner as the pipe shrink in 
Fig. 3. Simulation of this effect in the laboratory by 
means discussed under “Evaluation of the Effect of 
Segregation on Mechanical Properties” serves to con- 
firm this theory. 

The segregation shown in Fig. 6 is in form unlike 
that discussed previously but is undoubtedly of 
similar origin. This type of segregation is believed to 
be caused when heavy microshrinkage is fed by near- 
eutectic material and this explanation is supported 
by Fig. 7, a photomicrograph showing these concen- 
trations. 

There is nothing in the foregoing theories of segre- 
gation formation that does not apply in some degree 
to all alloys. Therefore, since we had not observed 
such effects in our aluminum alloy experience, it be- 
came necessary, in order to suport the validity of these 
theories, to show that segregation of the same form 
can exist but is not normally observable even in those 
aluminum alloys where some appreciable difference 
in radiographic density exists between matrix and 
eutectic. This is substantiated by tests described later 
in this paper under the heading “Segregation in 
Other Alloys”. 





Fig. 7—Photomicrograph of microshrinkage type of segre- 
gation in EZ33 alloy casting. As cast. Unetched. Mag.— 
50x. 
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Figure 8 illustrates a concentration effect that oc- 
curs only infrequently but is of interest, It was early 
assigned the term “flow-line” because of its resem- 
blance in a radiograph to the visual appearance of 
the flow marks commonly seen, for example, on the 
surface of a die casting and because, in form, it ap- 
peared to be associated with the flow of the metal 
through the mold rather than with cracks or shrinks. 
Analysis has shown that there is a concentration of 
rare earth elements in the surface skin of a melt of 
this alloy. We believe that these flow lines may be 
caused by a “folding in” of the metal surface as the 
metal flows through the mold cavity. 


Evaluation of the Effect of Segregation on Mechanical 
Properties 
As explained above, there are several different kinds 
of segregation phenomena. Of those commonly occur- 
ring the segregation effects shown in Figs. 1 and 3 
were considered most likely to influence mechanical 
properties of a casting and were therefore, chosen 
for evaluation. 
Development of Technique for Inducing Segregation 
For purposes of uniformity and reproducibility 
it was first decided to develop a laboratory technique 





Fig. 8—Radiograph of “flow-line” type of segregation in 


EZ33 alloy casting. 
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Fig. 9—Test casting developed for inducing segregation 
in EZ33 alloy. 


for inducing segregation in test castings. It was 
also hoped that development of such a technique 
would provide information on the mechanism of seg- 
regation formation in production castings. 

From the examinations which had been made, it 
was considered possible to induce segregation by caus- 
ing a casting to solidify under restraint. In other 
words, it appeared as though a special kind of hot- 
shortness test might produce the required result, A 
variety of such tests are described in the literature?-!° 
and they, or tests similar to them, were tried out, but 
radiographic examination of the castings so made re- 
vealed that they did not contain segregation. 

The problem was to cause the casting to crack at a 
temperature high enough to ensure availability of 
sufficient eutectic to flow into the crack and heal it 
and yet low enough to ensure solidification of the 
primary phase. During the development stage, cast- 
ings were poured with thermocouples inserted in the 
mold cavity at several locations so that the process 
of solidification could be followed throughout the 
casting. From this information it was possible to de- 
sign a casting which solidified rapidly at the area 
where it was desired to produce the eutectic segrega- 
tion. Then the casting could be stressed at the correct 
moment, causing it to crack while there was still sufh- 
cient molten eutectic immediately adjacent to partly 
or completely heal the break. Promising results were 
obtained by using this method and, with some modifi- 
cations and improvements, a suitable technique was 
eventually devised. The casting which was finally 





Fig. 10—Radiograph of induced segregation in sections 
machined from EZ33 alloy test casting. 
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alloy test casting. As cast. Unetched. Mag.—50x. 


adopted is shown in Fig. 9. 

As can be seen from Fig. 9, the test casting was 
in the shape of a bar with small risers at the two in- 
gates. The bar measured 9 by | in. and its thickness 
was increased at the risers by adding side and bottom 
wells. The bar was chilled along its length except at 
the regions adjacent to the two risers, thus causing the 
metal to solidify rapidly at all parts away from the 
risers. Lengths of wire, inserted into each end of the 
mold cavity at the parting line, were the means by 
which a stress was applied to the casting. A few sec- 
onds after the casting had been poured, it had solidi- 
fied at all parts except at the risers. The wires were 
then pulled away from the mold so that the casting 
yielded in the vicinity of the risers where it was still 
semi-molten. The molten eutectic then flowed into the 
opening so created and formed segregation of the hot- 
short type. 

Figure 10 is a radiograph of sections machined from 
test castings containing segregation, the location of 
which is clearly indicated by the light areas. The 
dark areas which can be seen adjacent to the segre- 
gation are zones deficient in eutectic, some of which 
has flowed into the region of segregation. Figure 11 
is a photomicrograph of a stringer of segregation in 
one of the cast bars solidified under tension. Compari- 
son of Figs. 10 and 11 with Figs. 1 and 5, respectively, 
shows the similarity between the induced segregation 
and that occurring in a production casting. 


Effect of Segregation on Room and Elevated Tem- 
perature Tensile Properties — In order to evaluate the 
effect of segregation on tensile properties, two lots of 
test castings were prepared, with and without segre- 
gation, both lots being prepared in the same way 
except that the castings with segregation were not 
stressed during solidification. All castings were given 
an aging heat treatment of 392 F (200 C) for 10 hr. 
Test bars were cut from the castings in such a way 
that the segregation was at the middle of the gauge 
length and covered all, or most, of the cross section. 

The test specimens were machined to A.S.T.M. 
Designation E8-52T," being 0.20 in. in diameter and 
having a parallel section of 214 in. for the room tem- 
perature tests and 23% in. for the elevated tempera- 
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Fig. 12— Radiograph 

of EZ33 alloy creer 

test specimen contain 
ing segregation. 


ture tests. The latter were carried out at 392 F (200 
C), which is the usual maximum operating tempera- 
ture for EZ33 alloy castings, the test specimens being 
heated uniformly from room temperature to 392 F 
and then held for | hr at that temperature before test- 
ing. The temperature control was within the limits 
set by A.S.T.M. Designation E21-43.12 

Five tensile tests were made on each lot of bars at 
room temperature and at 392 F and the averages (X) 
and standard deviation (¢) are given in Table 1. 


TABLE 1—ROOM AND ELEVATED TEMPERATURE 
(392 F) ‘TENsILE Properties oF AGep EZ33 ALLoy, 
WITH AND WITHOUT SEGREGRATION 





UTS.” 02%YS. % Elong. 
ksi ksi on 4D 





x Co x o x g 





Room Temperature 

With segregation 20.0 1.72 146 1.44 2.4 0.27 
Without segregation 226 042 148 0.16 5.7 0.66 
392 F 

With segregation 213 044 115 0388 229 10.11 
Without segregation 21.0 050 109 035 260 2.36 





These results show that, at room temperature, segre- 
gation slightly lowers the ultimate tensile strength 
and elongation without affecting the yield strength, 
but at 392 F the properties are not significantly af- 
fected. All the segregated specimens which were tested 
at room temperature broke at the segregation, which 
is consistent with the test results. There is more scat- 
ter in the elongation values for the segregated speci- 
mens tested at 392 F, but this is not considered attri- 
butable to the segregation because three of the five 
bars tested failed at a point remote from the segrega- 
tion and one of these bars contributed most to the 
scatter. 





The interesting point which emerges from these 
results is that at room temperature, segregation low- 
ers ultimate tensile and elongation properties; where- 
as at operating temperatures, the effect of the higher 
temperature is predominant and there is then no 
significant difference between the properties of speci- 
mens with and without segregation. The explanation 
may be that, as the temperature rises the brittle 
eutectic becomes more plastic and tough until there 
is little difference between eutectic and matrix. 


Effect of Segregation on Creep Strength — Creep 
strength is, without much doubt, one of the most 
important properties of castings of the type under 
consideration.® It was, therefore, essential to de- 
termine if the creep properties are affected by the 
presence of segregation. Creep tests were made on 
specimens, with and without segregation, machined 
from the test casting shown in Fig. 9, the casting be- 
ing lengthened slightly at each end in order that creep 
specimens of sufficient size could be cut out with the 
segregation located at the center. 

It was considered that, if possible, tests should also 
be made on specimens in which segregation extended 
along the whole length of the specimen, because this 
condition would be the one most likely to affect the 
creep properties. A production casting with a particu- 
larly severe example of pipe-shrink segregation, as in 
Fig. 3, was chosen and a creep test specimen machined 
from it so that the segregation extended aleng the 
whole length of the bar and also covered an apprecia- 
ble portion of the cross-sectional area. Some porosity 
was also present in this specimen, the radiograph of 
which is reproduced in Fig. 12. As a control, a creep 
specimen was machined from a sound portion of the 
same section of the casting. 

All the creep specimens were aged at 392 F for 10 
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Fig. 14—Creep properties of aged 

EZ33 alloy, with and without seg- 

regation. Specimens machined from 

production casting. Tested at 392 

F (200 C), under stress of 6,720 
psi. 
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TABLE 2—CreeEp RATEs OF AGED EZ33 ALLoy 
WITH AND WITHOUT SEGREGATION, TESTED AT 392 F 
(200 C) UNbER Stress oF 6,720 psi 


A 
° 100 200 300 400 $00 600 700 800 





Creep Rate at 500 hr 


Specimens from 
in./in./hr x 10° 


laboratory casting 





With segregation 19 
i ¥ 9 
. 8 


27 


Without segregation 
f 18 





Creep Rate at 1,000 hr 
in./in./hr x 10° 


Specimens from 
production casting 





With segregation 12 
Without segregation 10 





hr prior to testing. The tests were carried out at 392 
F under a stress of 6,720 psi in a Denison machine, 
the specimens prepared from the test casting being 
stressed for 500 hr, and those prepared from the pro- 
duction casting for 1,000 hr. 

The results for the laboratory-cast specimens are 
plotted in Fig. 13, and the creep rates are given in 
Table 2. It can be seen from these results that the 
segregation has not adversely affected the creep prop- 
erties. In fact if anything, there is an apparent trend 
towards higher creep resistance in the sample contain- 
ing segregation. 

The creep results for the two specimens machined 
from the production casting are plotted in Fig. 14. 
Creep rates for these curves are also given in Table 
2. The close agreement between these two results is 
further indication that segregation is not harmful to 
creep strength. If there is any tendency to higher 
creep resistance because of the segregation, it may 
have been nullified by the porosity associated with the 
segregation in this particular case. 

Effect of Segregation on Fatigue Strength —The fa- 
tigue specimens were machined from test castings 
with and without segregation and were of the plate- 
type, about 35% in. total length and 1% in. thickness. 


900 1000 1100 





Fig. 15—Radiograph of EZ33 alloy fatigue test specimen 
containing segregation. 


The radiograph reproduced in Fig. 15 shows the shape 
of the test specimens and the location of the segrega- 
tion. All the fatigue specimens were aged at 392 F for 
10 hr. The tests were made in a Krouse constant- 
deflection machine at three stress levels, namely, 10.0, 
11.5 and 13.0 ksi (kilograms per square inch). 

The fatigue results are plotted in Fig. 16 and show 
no significant difference between the segregated sam- 
ples and the controls, although there is an apprecia- 
ble degree of scatter. It is probable that more repro- 
ducible results would have been obtained with round 
fatigue specimens tested on the R. R. Moore rotating- 
beam machine. But there were good reasons for choos- 
ing the plate-type of fatigue specimen: (a) this shape 
of specimen made it possible to include more of the 
segregation in the test piece and (b) plate-bending 
fatigue tests give results more akin to the service 
performance of a casting.!*-!5 The plate-bending tests 
would have given better results if longer and/or thin- 
ner specimens could have been used, in which case 
there would have been less error arising from small 
variations in the amount of deflection. However, the 
Krouse fatigue machine used for these tests was de- 
signed for a limited length of specimen, and a thinner 
specimen could not be used because of the difficulty 
of avoiding warpage during machining. 

Micro-examination of the fatigue fractures revealed 
that they followed the grain boundaries and this in- 
dicates that the eutectic has lower resistance to fatigue 
than has the matrix at room temperature. However, it 
does not necessarily follow that a region of segrega- 
tion will be any weaker than one with a normal dis- 
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tribution of eutectic and this is supported by the 
fact that many of the specimens broke away from 
the segregation. 

Probable Effect of Segregation on Elevated Temper- 
ature Fatigue Strength — The tensile, creep, and fa- 
tigue tests which were carried out make it possible 
to attempt a reasoned forecast of what effect segre- 
gation will have on the elevated temperature fatigue 
strength. The intermetallic compound, Mg,Ce, is a 
constituent of the eutectic in magnesium-cerium 
binary alloys,' and it is probable that an intermetallic 
compound containing the rare earths also forms part 
of the eutectic in EZ33 alloy. 

Because of the brittle nature of intermetallic com- 
pounds, the segregation may act as a stress-raiser in 
fatigue. This view is supported by the fact that the 
room temperature fatigue specimens fractured along 
the eutectic network, and also by the slight reduction 
in ultimate tensile strength and elongation caused by 
the segregation at room temperature. However, the 
tensile and creep tests show that eutectic segregation 
has no significant effect at elevated temperature, pos- 
sible because the brittle intermetallic compound be- 
comes more plastic. It would appear therefore that the 
segregation would be more likely to lower the room 
temperature fatigue strength rather than the elevated 
temperature fatigue strength, but the room tempera- 
ture fatigue tests show no significant difference be- 
tween samples with and without segregation. There- 
fore, it appears justifiable to state that segregation 
is unlikely to be harmful to elevated temperature 
fatigue strength. 


Segregation in Other Alloys 

Because of density differences, segregation in EZ33 
alloy is readily detected by radiographic inspection, 
and in many instances it has the appearance of a 
serious defect. Segregation of various kinds is quite 
common in other alloys but it seldom manifests itself 
in radiographic examination to a point that it creates 
a problem in inspection of castings. While the ex- 
treme density difference between constituents that 
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Fig. 17—Photomicrograph of induced segregation in alum- 

inum-4% copper alloy test casting. As cast. Unetched. 
Mag.—50x. 


exists in EZ33 alloy is not usual, appreciable differ- 
ences often do exist in other alloys; since our inter- 
pretation of the cause of the effects in question does 
not involve any mechanism peculiar only to EZ33 
alloy, it became important to confirm that density 
differences are the only peculiar factors involved in 
the radiographic manifestation of these apparently 
unique occurrences. 

It was decided, as one means of confirming this, to 
expose an aluminum alloy, with hot-short character- 
istics similar to those of EZ33 and containing a reason- 
ably dense alloying constituent, to conditions that 
should lead to segregation, prove that segregation 
actually has formed and show that it is nevertheless 
not apparent in the x-ray plate. To do this, exactly 
the same method was used in the laboratory to pro- 
mote segregation in an aluminum-4% copper alloy, 
as was employed with EZ33 alloy. Radiographic ex- 
amination under conditions which would clearly re- 
veal segregation in similar EZ33 bars showed only a 
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faint indication in the aluminum alloy bars. The 
amount of segregation observed would not cause con- 
cern in the radiographic inspection of aluminum alloy 
castings and, in a more complex cast shape, would 
undoubtedly not be observed at all. However, metal- 
lographic examination (see Fig. 17) of the resulting 
bars proved that segregation had occurred in a degree 
comparable to that in EZ33 alloy. 


Foundry Methods 

Results of the mechanical property tests indicate 
that segregated areas in a casting of the alloy type 
under discussion do not have any significant effect on 
critical properties. Nevertheless it is of value to the 
foundry to minimize such segregation. Large compli- 
cated castings, in particular, are difficult to produce 
with exact uniformity of internal soundness. When 
produced by a foundry technique that, at its best, pro- 
motes formation of heavy segregation, they may readi- 
ly develop serious hot short cracks or shrinkage as 
the many variables inherent in foundry operation 
fluctuate, even within the limits of good foundry 
control. 

Segregation, then, acts as a warning signal to the 
foundry indicating a “borderline” technique. The 
pipe shrinkage in Fig. 3, for example, has been fed, 
but only at the last moment by an intrusion of eutec- 
tic rather than by progressive feeding throughout the 
section involved. A relatively minor variation in cast- 
ing technique may be sufficient to leave the shrink 
only partially fed as in Fig. 4, and cause rejection of 
the casting. Those means that are normally used to 
promote progressive solidification and to eliminate 
pipe shrinkage are effective also in eliminating this 
defect. As every foundryman knows, the mechanics 
of accomplishing this —- application of chills and 
sources of feed — are relatively simple but their effec- 
tive use varies with the almost infinite number of cast- 
ing designs. 

The first casting produced in EZ33 alloy in the 
authors’ foundry was a turbo-jet engine casting, cylin- 
drical in shape, with a diameter of 13 in., a height of 
$2 in. and an average wall thickness of approximately 
3% in. Although some percentage of initial production 
was of acceptable quality it quickly became obvious 





that the foundry practice was such that we could ex- 
pect a high proportion of defects of the type shown 
in Fig. 1. In view of our present knowledge even these 
defects, as such, might not now be considered reject- 
able but even so there was always a tendency for them 
to develop into the effect shown in Fig. 18. 

The stresses set up during cooling and contraction 
in a casting of this shape are considerable, and it is 
apparent that the areas shown were among the last 
to freeze; while still in the pasty or hot short range, 
stresses set up by cooler adjacent sections caused frac- 
turing of these particular areas. Conditions were such 
that the section shown in Fig. 1 was fed, but there was 
insufficient feed to “heal” the large cracks in Fig. 18. 
This condition was relieved to some extent by using 
softer hollow cores, but it was only adequately cor- 
rected in production by using a dispersed but bal- 
anced gating system and then further equalizing tem- 
perature gradients by laying a row of chills behind 
any remaining cracked areas. 


Conclusions 


1. Radiographically dense regions in EZ33 alloy 
castings which are clearly apparent as corresponding 
light areas in the radiographic plate are most com- 
monly caused by eutectic intrusions into incipient 
cracks and shrinkage. This eutectic segregration is 
strongly apparent because of the relatively high ab- 
sorption coefficient of the eutectic. 

2. Segregation of the type studied does not adversely 
affect the critical properties of EZ33 castings. 

3. It is important however to develop casting tech- 
niques which minimize the occurrence of heavy segre- 
gation; many factors inherent in even the best of 
foundry controls may vary sufficiently to cause shrink- 
age, cracks, or other open voids in some of those cast- 
ings that are produced by techniques which, at their 
best, promote very heavy segregation. 

4. The foundry techniques that are commonly em- 
ployed to eliminate shrinkage, cracks, and other 
cavity-type defects are used to minimize the intensity 
of the corresponding segregation effect. 
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DISCUSSION 


Chairman: R. T. Woop, Aluminum Company of America, 
Pittsburgh. 

Co-Chairman and Secretary: W. D. DANks, Howard Foundry 
Co., Chicago. 

K. E. Netson (Written Discussion):' The authors are to be 
congratulated on their systematic and practical approach toward 
resolving the effects of segregation in EZ33A alloy. The Dow 
Chemical Co. has been producing magnesium-rare earth metal- 
zirconium alloys for sale since early in 1949. We have observed 
the various eutectic phenomena described by the authors, and 
agree that by proper foundry controls they can be minimized. 

Nelson and Strieter* mention another type of segregation 
occasionally observed in magnesium-rare earth metal-zirconium 
alloys which was presumed to be metallic zirconium. This 
latter, gravity-type segregation, having a density greater than 
the base alloy, occurs when the melt is not properly settled or 
when adequate heel is not left in the crucible after filling a 
mold. This segregation which will be referred to as zirconium 
segregation to differentiate it from the eutectic type of segrega- 
tion, can also be controlled in the foundry. 

Both types of segregation can be detected by x-ray and 
microscopic examination. The authors have adequately depicted 
the eutectic type of segregation both by radiographic and 
metallographic methods. Depending upon, the distribution of 
the Zr segregation, it can be found from occasional dense specks 
to heavily mottled areas. Figures A-C are photomicrographs 
of this segregation found in EK30A castings. Figure A shows 


1. Metallurgical Laboratories, The Dow Chemical Co., Midland, Mich. 
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a range from light to medium segregation. Figure B shows 
quite a dense form of segregation. As shown in Fig. C, the 
segregation is concentrated in the form of colonies of fine par- 
ticles and is neither confined to the matrix nor to the massive 
compound. The long thin line following the pattern of com- 
pound is believed to be an oxide skin. Table A lists an analy- 
sis made of the metal shown in Fig. A-C. These were spec- 
troscopic analyses, and, in the cases of the segregated and clean 





Fig. A—Light to medium Zr segregation in EK30A-T6 alloy. 
Glycol etchant. Mag. 3X. 





Fig. B—Dense Zr segregation in EK30A-T6 alloy. Glycol 
etchant. Mag. 3X. 





Fig. C—Distribution of Zr segregation in microstructure of 
EK30A-T6 alloy. Glycol etchant. Mag. 100X. 











490 SEGREGATION IN MAGNESIUM-RARE EARTHS-ZINC-ZIRCONIUM ALLOYS 


areas, were point to plane, a method that reveals only major 
differences. The segregated area shows high Zr and Si as com- 
pared to the non-segregated area. A piece of the segregated area 
was dissolved in dilute acid, and the acid insoluble portion 
analyzed. The results in Table A show this to be high in Al, 
Fe, Si, and Zr, elements which are all precipitated from mag- 
nesium when Zr is added, as has been pointed out in earlier 
publications.**:+ It is believed possible to have fine particles 
of metallic, undissovled Zr present in settled melts. However, 
the presence of mottled areas in a casting like that shown in 
Fig. B and C could mean, as pointed out earlier, one of two 
situations: inadequate settling time in the furnace room, or, 
not leaving a large enough heel in the crucible when pouring 
a mold. 

The effect of segregation on the room and elevated tempera- 
ture tensile properties and on the creep strength of magnesium- 
rare earth metal-zirconium alloys was determined. Alloys EK30A 
(Mg + 3%RE + 0.38%Zr), EK41A (Mg + 4%RE + 0.6%Zr), 
and EZ33A (Mg. + 3%RE + 3%Zn + 0.7%Zr) have been 
found occasionally to have either the eutectic or Zr type of 
segregation present. Tables B and C show tensile and creep 
data obtained from tests on bars sectioned from production 
castings in EK30A-T6 and EK41A-T6 alloys. The segregation in 
the EK30A alloy was of the eutectic type described by the 
authors. The EK4I1A alloys included one small batch contain- 
ing eutectic and two containing the Zr segregation. The data 
clearly show that neither type of segregation seriously affects 
the tensile or creep properties of these alloys. The range in 
creep extension obtained is typical for these alloys tested under 
the same conditions. The values in Table C fall within the 
range of creep data reported for these alloys in an earlier 
paper.* The creep data shown by the authors in their Fig. 13 
and 14 are also typical of scatter which has been observed for 
EZ33A alloy. 

Microscopic examination revealed that the grain size of the 
metal in the vicinities of heavy segregation was much finer than 
that of clear areas. Possibly this was because there were more 
particles of Zr present to act as grain nuclei. The analyses in 
Tables B and C show variations in soluble Zr within a batch of 
metal. We have seen in the past, that when the “insoluble” 
portion of the melt was excessively high, the “soluble” Zr was 
also apt to be high. The association of other elements with 
Zr in the insoluble portion suggests the formation of com- 
pounds. It is possible that these compounds are slightly soluble 
in the dilute acid used in analyzing for Zr. 


The authors state that the eutectic type of segregation is 
not unique to EZ33A alloy and show that in an Al 4+4%Cu 
alloy such segregation occurs but is not readily seen by radio- 
graphic examination. As indicated in this discussion, we have 
observed this formation in rare earth metal-containing alloys 
other than EZ33A alloy. We have also seen a similar eutectic 
segregation in the newer Mg-Th-Zr alloys HK3IXA and 
HZ32XA. While one system of alloys might show a greater 
tendency toward the formation of this phenomenon over an- 
other system, it is important to point out that the formation 
of the eutectic type of segregation is more dependent upon 
casting complexity than upon alloy composition. The authors 
state that the foundry might not be entirely successful in the 
elimination of such segregation. It has been shown by the 
authors and by data submitted with this discussion that neither 
the eutectic segregation nor the Zr segregation will seriously 
impair the properties, and therefore, the service operation of 
parts cast in magnesium-rare earth metal-zirconium alloys. 
It is our opinion that such conditions which occasionally occur 
should not be the cause for rejection of an otherwise usable 
casting. 

Dr. SKELLY (Reply to Mr. Nelson): The authors are indebted 
to Mr. K. E. Nelson for his remarks and further confirmation 
of the effect of “segregation” on the properties of the rare 
earths-zirconium type of magnesium alloy. Mr. Nelson’s work 
on segregation in alloys not specifically used in the authors’ 
foundry and his work on zirconium segregation is relevant 
and complements the paper. 

It behooves the foundry to minimize the segregation described 
in the paper and also the zirconium segregation described by 
Mr. Nelson because all such effects are indicative of techniques 
that in the extreme case may lead to other and clearly harmful 
defects. However, as such, segregation does not appear to signi- 
ficantly affect critical properties and since in many cases com- 
plete elimination of segregation is either impractical or 
essentially not possible it is hoped that the remarks of Mr. 
Nelson and others in the verbal discussion as well as the 
material submitted in our paper will lead to the adoption of 
more realistic standards of acceptance and rejection. 


*K. E. Nelson and F. P. Strieter, TRANsactions, AFS vol. 
59, p. 532 (1951). 

**K. E. Nelson and F. P. Strieter, TRANsAcTIONS, AFS vol. 
58, p. 400 (1950). 

+ Magnesium Elektron Ltd., British Patent No. 511,137 (1939). 


TaBLeE C——EFFECT OF SEGREGATION OF THE CREEP CHARACTERISTICS OF EK30A-T6 AND EK41A-T6 ALLoys 


Bars Machined From Castings Produced in Production Foundry. Tested at 400F Under a Stress of 8000 PSI. 














Creep 
Creep Extension—% Rate** 
Analysis Grain Per Cent For Indicated 48th- 
Bar Sol. Insol. Size Loading Extension Time (hr) 06th 
Alloy No. TRE Zr Zr (In.) Radiographic Quality Elastic Plastic 1 10 100 hr 
EK30A-T6 10 : - - Coarse MggCe. 0.140 0.050 0.043 0.053 0.250 = 
(Batch No, 1) 
EK41A-T6 ll 3.90 - 0.63 0.002* 4 length bar sound, 0.152 0.068 0.010 0.041 0.179 135 
(Batch No. 2) & 0.004 other coarse Zr seg- 
regation. 
12 : - Coarse Zr segregation 0.158 0.088 0.011 0.024 0.136 124 
throughout. 
13 : - - Coarse Zr segregation 0.128 0.073 0.009 0.028 0.166 145 
throughout. 
14 3.48 0.78 1.29 0.002* Coarse Zr segregation 0.130 0.072 0.005 0.028 0.158 144 
throughout, 
15 - - - - Coarse Zr segregation 0.110 0.097 0.015 0.077 0.270 212 
throughout. 
16 i ‘ ° . Areas coarse Zr 0.127 0.105 0.041 0.072 0.273 211 
segregation. 
178.20 0.43 0.09 0.0035 Areas of fine Zr seg- 0.134 0.092 0.045 0.068 0.260 202 
regation. 


*0.002-in. average grain size in areas of Zr segregation. Bar No. 14 heavily segregated. 


em, per hr x 10°. 
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TABLE A-—SPECTROSCOPIC ANALYSIS OF EK30A-T6 ALLOY CONTAINING Zr SEGREGATION 


SECTION SHOWN IN FIG. 2 
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Al Cu Fe Mg Mn Ni Pb Si Sn Zn Zr 
Clean area <.03 0.009 0.0020 . 0.065 <0.001 0.003 0.01 0.01 0.02 0.33 
Segregated area <.03 0.009 0.0031 - 0.074 <0.001 0.004 0.135 0.01 0.02 2.04 
Acid insoluble area 5-10 0.01- 1-3 1-2 025-05 0.15- - 1-5 0.001- cc 
0.02 0.3 0.01 
cc = chief constituent. 
TABLE B—EFFECT OF SEGREGATION ON THE TENSILE PROPERTIES OF EK30A-T6 AND EK41A-T6 ALLoys 
BARS MACHINED FROM CASTINGS PRODUCED IN PRODUCTION FOUNDRY 
ANALYSIS* Grain Testing 
Bar Sol. Insol. Size Radiographic Quality remp., Tensile Properties** 
Alloy No. TRE Zr Zr (In.) Fracture Exam At Fracture Sse Yo 
EK30A-T6 l - - - - Very fine Zr segregation. 70 l 10 12 
(Batch No. 1) 
2 3.44 0.14 09 0.01 Coarse MggCe and few 70 l 11 12 
areas Zr, 
3 - - - - Medium to coarse MggCe 70 l 1] 12 
4 - - - Very fine MgoCe. 70 l 10 12 
5 - - - - Very fine MggCe. 400 3 8 14 
6 - - - - - Very fine MgoCe. 400 4 9 14 
7 3.31 0.15 0.09 0.01 - Very fine MggCe. 400 4 9 14 
8 3.44 0.14 0.09 0.008 - Coarse MggCe. 400 9 13 
9 - - : - - Coarse MggCe. 400 2 9 13 
EK41A-T6 1 - . - - - Good. 70 1 13 16 
(Batch No. 1) 2 - - 0.004 - Bar broke thru small 70 I 13 20 
area of coarse MggCe. 
3 . - - . Very fine Zr segregation. 70 l 13 15 
EK41A-T6 ] - - - - Small inclusion at Good. 70 2.0 13.2 17.8 
(Batch No. 2) periphery of bar. 
2 . j ‘ Good. Good. 70 2.0 12.7 17.5 
3 - - Same as No. | bar. Fine Zr segregation. 70 3.0 13.4 16.4 
4 - . - - Same as No. | bar. Fine Zr segregation. 70 3.0 12.9 17.3 
5 Same as No. | bar. Fine Zr segregation. 70 4.0 12.7 18.4 
6 : : - 1 large inclusion, Coarse Zr segregation. 400 8.7 8 15.7 
few small ones. 
7 - - . - 1 medium inclusion Good. 400 5.3 9.0 14.8 
at periphery. 
8 - - - 1 large inclusion Good. 400 8.0 9.8 15.0 
near periphery. 
9 - - : 3 large inclusions, Fine Zr segregation. 400 11.0 9.5 23.0 
1 near periphery. 
10 - : - - 2 large inclusions, Fine Zr segregation. 400 9.0 9.6 16.1 
few small ones. 
EK41A-T6 l - - : - 1 medium inclusion Fine Zr segregation. 70 2.0 13.2 18.2 
(Batch No. 3) at periphery. 
2 - - - - 1 small inclusion Very fine Zr segregation. 70 3.0 13.3 19.5 
at periphery. 
3 - - . - 1 medium inclusion Coarse Zr segregation. 70 3.0 13.6 18.3 
at periphery. 
4 - - 1 small inclusion Medium Zr segregation. 70 3.0 13.6 19.8 
at periphery. 
5 - - - 3 medium inclusions Fine Zr segregation. 70 4.0 12.4 18.2 
at periphery. 
6 3.44 0.45 0.13 - 1 small inclusion Good. 70 4.0 12.1 19.0 
at periphery. 
7 3.48 0.76 1.60 Blow at periphery. Coarse Zr segregation. 400 7.3 9.4 15.7 
Bad_ inclusions. 
8 - - 1 medium inclusion Fine Zr segregation. 400 12.0 9.5 16.8 
at periphery. 
9 - - - 1 large inclusion. Very fine Zr segregation. 400 9.3 9.4 16.0 
10 - : . Few small in- Good. 400 9.3 9.8 15.8 
clusions. 
1] - - - 1 large inclusion at Good. 400 4.0 9.6 13.9 
periphery. 
12 - : - Good. Good. 400 17.0 9.7 17.3 


. TRE 
Sol. Zr. 
Insol. Zr 


total rare earth metals. 


= portion present in the alloy soluble in dilute acid. 


portion present in the alloy insolube in dilute 


acid. 


oom 
Ys 
TS 


per cent elongation in 2 i 


n. 


yield strength, 0.2 per cent offset, 1000 psi. 


tensile strength, 1000 psi. 











@ Some observations of the flow properties of iron 
and their corresponding effect on quality of the cast- 
ing, as well as the practicability of various testing 
devices are discussed in this paper. All the investiga- 
tions and observations were made in a mechanized 
foundry. A continuous conveyor molding unit delivers 
the castings to the cooling conveyor, where a con- 
tinuous chain delivers them to an automatic blast 
cleaning unit. This continuous cycle of approximately 
four hours from the mold to the cleaning operation, 
helped simplify the correlation of fluidity with physi- 
cal defects. 

The project originally started out as a study of gas 
inclusions or core blows. Core blows had been a 
chronic defect in the casting of cylinder blocks and 
heads, and at the start of the study there were in- 
dications that fluidity played a part in core blow 
epidemics. This condition had various degrees of 
severity. 


* Special Assignments, International Harvester Co., India- 
napolis, Ind. 





In this test sample measuremeiit of fluidity is in one-inch 
increments. Reading for this sample is 15'/ in. 


By 
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FLUIDITY vs CORE BLOWS IN 
AUTOMOTIVE GRAY IRON 


Allen A. Evans* 


In the past, it had been the practice during a bad 
blow period to blame the core room. If a carbon core 
wash was being used, it was changed to a silica core 
wash or if a silica dip was being used, it was changed 
to a carbon dip. The first thing to do was cut the 
amount of core oil and change the sand; and changing 
the vents was always a must. In fact, so many changes 
were made that when the blows cleared up, it was im- 
possible to say just what did cure the condition. 

Investigation. It was important to determine the 
pattern of the blow condition. To do this, a sample 
inspection of the castings after cleaning was set up, 
using percentage of blows per hour as the measuring 
unit. When this information was charted on a quali- 
ty control chart, the trend pattern could be observed, 
with a variation from zero to 40 per cent. This did 
not necessarily mean scrap, but it did mean excessive 
cost in the salvage operation. 

In trying to create blows by increasing the amount 
of core oil, it was found that a slight change could 
not cause a blow. The amount of core oil being used 
was about 1.3 per cent. The oil had to be increased 
to over 2 per cent before a blow was created. This 
proved that a slight mistake on the part of the muller 
operator could not be blamed for core blow epidemics, 
and that the usual practice of deleting 0.1 per cent 
core oil could not help the condition. 

After observing the blow pattern for some time 
and trying to tie in some cause factors, a definite pat- 
tern of events began to develop. One day, during the 
third hour, the molding unit foreman discovered an 
unusual phenomenon. The sprues and pouring basins 
of the castings at the cope shake-out were still mushy 
20 minutes after pouring. The castings had solidified 
because they were thinner. When castings were in- 
spected four hours later, after they had been cleaned, 
it was found that there was not a single blow in the 
third hour’s production. 

Another condition was brought to the attention 
of the investigators. On one particular cylinder block 
mold, a flowoff vent was being used. This came 
through the side of the cope flask at a point two inches 
lower than the top of the pouring basin. It was ob- 
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(Left) Fluidity testing gauge, consisting of receiving basin 
and serpentine-shaped flow passage. (Center) Gating 


served that the amount of iron flowing out of the 14-in. 
diameter flowoff varied at different times of the day, 
from just a few drops to a continuous stream. During 
these periods, there was very little difference in tem- 
perature. By comparing the different periods of flow 
with the corresponding percentage of blows per hour, 
it was found that when the flowoff froze quickly the 
percentage of blows was high. When the flowoff froze 
slowly, the percentage was lower. 

At this point, it was concluded that there definitely 
was a relationship between the rate of solidification 
and core blows. A plausible explanation for this is 
that gas permeating the molten metal was being 
trapped by the slower solidifying metal. As the metal 
fills the mold cavity, there is a tendency for the gas 
pressures to try to equalize, that is, the core gases 
will permeate the hot metal in an attempt to equalize 
the mold gas pressures. 

How the Problem was Solved. The next step was 
to measure the flow characteristic and set up controls. 
While there are a number of different testing devices, 
most are too cumbersome and do not control the 
velocity of the metal poured satisfactorily. A new 
testing device was developed. 

The new fluidity test (see illustration) is poured in 
a three-part dry sand mold. Part 1 is the fluidity 
testing gauge itself, consisting of a receiving basin and 
the serpentine flow passage. Reference marks are 
provided along the flow passage at l-in. intervals to 
determine the length of flow. 

Part 2 is the gating system and pouring basin. The 
pouring basin is connected to the head-pressure cham- 
ber by a constant size gate. The head-pressure chamber 
is the circular cavity with four short legs and a con- 
stant size pencil gate (this acts as a restricting orifice) 
leading to the receiving basin of Part 1. The head-pres- 
sure chamber has a double purpose: (1) It controls 
the velocity of the molten metal. (2) It is designed 
so that it can be used as a spectrograph pad for spectro 
analysis. This is of great value in correlating chemical 
analysis with flow properties. 

Part 3 is merely a cover core of sufficient size to 
cover the head-pressure chamber and the gate to the 
chamber. It should also be of sufficient weight to hold 
the mold together. 

In developing this testing device, it was not at- 
tempted to duplicate actual mold and casting con- 
ditions. Some foundrymen feel that a testing device 
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mechanism and pouring basin. (Right) Sectional com- 
posite of fluidity testing device. Cover core is 3. 


of this type should be made out of the same green sand 
being used for molds. They try to duplicate molding 
conditions and gating practice. What is needed is a 
gauge, a measuring device that will measure the flow 
characteristic of metal. Another instrument is needed 
to give us an indication of the quality of the metal 
in the molten state. Metal temperature and chill tests 
have been used for some time, and now the flow char- 
acteristic can be added as one more tool for better 
control. 

After the test device was designed and perfected, a 
test procedure was set up. A test was poured every 
15 minutes and an average hourly flow was computed 
for each hour. The average flow was posted on a 
quality control chart. Scatter diagrams and charts 
were constructed to prove the correlation between 
percentage of blows per hour and fluidity. 

Previous to the use of this test, there were only two 
kinds of iron—hot iron and cold iron. It was soon 
determined that not all hot iron was good iron. It 
was found that some 2850 F iron had less fluidity 
than 2600 F iron. Temperature alone is not the con- 
trolling factor in fluidity, chemistry also having a signi- 
ficant effect. 

Various Fluidity Testing Devices. The merits of 
various fluidity testing devices have been the subject 
of much discussion. Several requirements that should 
be met by any fluidity testing device are: (1) Velocity 
of the metal poured must be controlled. (2) The 
device should be small in size and simple to assemble. 
(3) Results should be constant within practical limits. 
The Currie device of 1946 has been used with various 
degrees of success both here and abroad. The height 
from which the metal is poured controls the accuracy 
of this test. The height of pouring determines the 
velocity. A 6-in. drop of molten metal develops a 
velocity of about five feet per second, while a 10-in. 
drop will develop about seven feet per second velocity. 
While the orifice tends to restrict the flow, it does not 
control the velocity. 

In Currie’s attempt to obtain an immediate result 
without waiting for the metal to solidify, visible 
flowoffs were incorporated along the spiral passage. 
It would seem that these flowoffs would have an un- 
even retarding effect upon the metal. Each small 
flowoff would freeze progressively, and have a gradu- 
ated restricting effect. The flow should not be re- 
stricted. The metal should have the same opportunity 
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to flow at the start of the passage as it has at the end. 
The only restricting force should be the rate of solidifi- 
cation. 

The Reece device, one of the more practical tests, is 
a recent (1952) development. A carbon stopper rod is 
used to insure the control of velocity. When the pour- 
ing basin is full, the ladle lip is used to lift the stopper 
rod. The measured amount of iron then flows into 
the spiral passage at a controlled velocity. In some 
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Scatter diagram, showing the relationship between fluidity 
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similar devices, difficulty has been experienced in 
keeping the stopper rod from floating or leaking. 

The Evans testing device, developed in 1951, was 
designed to be used as a process control tool. It is pos- 
sible to have a slight variation in readings on the 
same metal. However, it is felt that this device is as 
reliable as any yet developed. 

An attempt is not made to reject iron when the 
fluidity gets low because there is no place to put it. 
The iron must be used unlike some shops which have 
certain jobs in which low fluidity iron can be used. 
The main use of the test is to follow the trends. There 
is a continuous fluctuation; however, the trend is rela- 





Pouring fluidity test. A test is poured each 15 minutes. 

An average fluidity is computed every hour and plotted 

on quality control chart. Cover core used here is also 
a chill test specimen. 


tively slow. The extent of the trend can be predicted, 
and chemistry changes made to correct the conditions. 

One of the most important benefits that can be ob- 
tained from fluidity process control, is that it is in- 
valuable as a trouble shooting device. For best results, 
a quality control chart should be used to record the 
data. Either natural process limits or modified limits 
can be used as specifications. The specifications should 
be established only after a thorough study has been 
made. This study should correlate physical defects 
with the fluidity characteristic of the iron. Each 
foundry operation has its own peculiar problems 
which prevent the establishment of a universal stand- 
ard testing procedure. Nevertheless, each group that 
investigates fluidity to set up controls will add more 
knowledge to the growing pool of information. This, 
in turn, will lead to improved foundry practice. 
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DISCUSSION 


Chairman: V. A. Crossy, Climax Molybdenum Co., Detroit. 

Co-Chairman and Secretary: W. C. JerFery, University of 
Alabama, University, Ala. 

E. R. Evans (Written Discussion): 1 The author has illustrated 
that core blows in a particular foundry are dependent on the 
fluidity of the metal and recommends the fluidity test for 
process control purposes. 

Although the fluidity test is an essential tool for studying 
the property of fluidity in relation to any other variable, once 
the relationship has been established, the value of the test is 
much diminished and the fluidity results recorded daily are, 
in themselves, meaningless. 

It has been shown by several investigators that for all prac- 
tical purposes the fluidity of molten cast iron is entirely de- 
pendent on pouring temperature and composition. If a fluidity 
test indicates poor fluidity, therefore, the blame cannot be laid 
to either of these factors unless they are themselves determined. 
If they are determined then why measure fluidity when this 
property can be assessed from the data without the additional 
inaccuracies due to mould and pouring technique variations? 

The foundry to which the author refers is apparently en- 
gaged on a limited class of work since there are no jobs to 
which metal of poor fluidity can be diverted. Such a plant 
should rely on rigid control of all the materials used and if 
fluidity is a criterion, particular attention should be paid to 
furnace practice. The author mentions that some iron at 2850F 
was less fluid than other iron at 2600F. For this to be so, there 
would have to be a composition difference corresponding to a 
carbon equivalent of at least 0.8—that is, 0.8 per cent carbon or 
2.4 per cent silicon—differences which should be well beyond 
the composition ranges in a well regulated plant. 

Presuming that the determination of metal composition is a 
routine practice for control and that the figures obtained are 
used to determine the furnace charges, then the only factor 
which can affect fluidity and core blows is metal temperature. 
This can be measured directly if required but it should be 
remembered that pouring temperatures for individual castings 
may vary over a wider range than the metal temperature meas- 
ured at the furnace spout. In any case, at the plant referred 
to by the author, the recording of the number of core blows 
per hour seems to be a more direct method of assessing metal 
quality than carrying out a fluidity test. 


1 The British Cast Iron Research Association, Birmingham, England. 
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E. A. Evans (Reply to E. R. Evans): It is quite apparent, 
from reading Mr. E. R. Evans’ discussion of my paper, that he 
did not fully understand the practicai definition or application 
of a process control procedure. 

There is a definite trend, in most progressive foundries, to 
establish process controls which will predict adverse melt changes 
far ahead of the chemistry determination process. It is of prime 
importance to have some indication as to the quality of the 
molten iron as soon as possible. Fluidity testing and chill 
testing are both fine examples of process controls which will 
help meet and maintain high quality standards. 

A survey has shown that, in most high production foundries, 
management has realized its inability to control metal com- 
position and casting quality entirely by chemical analysis. 
There is a considerable lapse of time between the sample taking 
and the chemistry determination. This time lapse is lengthened 
due to the time required for changing the charge mix, and the 
time required for the changed charge mix to take effect. If 
we were to depend entirely upon what Mr. E. R. Evans refers 
to as “determination of metal composition as a routine practice 
for control”, it would be quite possible to produce many tons 
of defective castings before a changed charge mix could take 
effect. 

The paragraph of Mr. E. R. Evans’ discussion where he de- 
termines the chemistry of iron from the temperature and an 
unknown variation of fluidity, is quite interesting. However, his 
conclusions are not borne out by actual experience. 

MEMBER: What factors influencing fluidity are most im- 
portant? 

MR. JEFFERY: Pouring temperature is a prime factor influenc- 
ing fluidity. However, temperature can be checked easily. The 
primary use of the fluidity test is to pick up adverse melt 
changes as soon as possible. Carbon and silicon seem to be 
the most important controlling factors. Upon discovery that 
an adverse condition has developed, the metallurgist checks 
his chemistry trends and takes steps to correct the condition. 
The use of fluidity testing gives you advanced notice of an ad- 
verse metal change. 

Emit Cuirita:*? How long did you run fluidity tests before 
setting up quality control specifications? 

MR. JEFFERY: Tentative specifications were set up within a 
few days after starting the checking procedure. However, the 
original specifications were reversed as more material was 
gathered. 


2 Mig. Test Engr., Ford Motor Co., Cleveland. 











CONTROL OF EMISSIONS FROM THE ELECTRIC FURNACE 
By 


Lawrence Krueger* 


Control of emissions from the electric furnace 
depends upon the results desired. If a foundry is 
located in a community where smoke and air pollu- 
tion ordinances are non-existent, or if they are in 
existence but not enforced, the foundry would prob- 
ably discharge the emissions directly to the atmos- 
phere. However, if smoke and air pollution ordinances 
are in existence and enforced, the foundry must have 
some means to remove the emissions from the foundry 
and discharge them to the atmosphere, while remain- 
ing within the particular laws or ordinances that 
may exist. The author’s foundry has existed under 
both situations, in the City of Milwaukee. 


History of Author's Dust Collecting Equipment 


In 1943 the author’s plant installed a new electric 
furnace in the foundry. At that time very little 
thought was given to control of emissions from the 
new furnace. We installed a roof-type ventilator di- 
rectly above the furnace with the thought that the 
* Asst. Works Manager, The Pelton Steel Casting Co., 

Milwaukee. 
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Fig. 1—Side view of furnace hood showing pouring lip 
of furnace. 
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hot gases would rise to the roof and be drawn out 
of the foundry. As is true with any ventilator of 
this type, the only time it was effective was during 
warm weather when all the windows and doors were 
wide open. During cold weather the gases and dust 
generated by melting collected in the building to 
such an extent that at times it was impossible to 
see clearly more than 20 or 30 ft. Obviously, under 
working conditions such as these we began to re- 
ceive complaints from our men. These complaints 
reached such a magnitude that it was decided to 
investigate available dust collecting equipment for 
the electric furnace. 

The decision to add equipment, that adds nothing 
to the product, was reached because of complaints 
of employees. It seems as though the majority of 
decisions in industry, such as this, were not made 
through the foresight of management, but rather 
through the pressure of employees and State Indus- 
trial Commissions. Fortunately, our industry realizes 
the importance of operating a clean foundry, and no 
longer needs prodding from external groups to create 
a better place to work. 





Fig. 2—Rear view of furnace hood showing hood over 
door. 
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After viewing various electric furnace dust collect- 
ing systems in operation, the author decided to install a 
hood and dust collector. This system, with modifications, 
is still being used at the author’s plant. Figures 1 
and 2 show the hood arrangement on the electric 
furnace. This hood has been in constant operation 
for nine years and presently shows signs of wearing 
out. The author installed a dust collector which em- 
ploys a water spray to clean the air being discharged 
to the atmosphere. This installation was made in 
1945, which was prior to the enactment of rigid air 
pollution ordinances in Milwaukee County. 
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Fig. 3—Schematic drawing of equipment employed to 
control emissions from the electric furnace. 


Figure 3 is a schematic drawing of the equipment 
presently employed by the author to control emissions 
from the electric furnace. The dust collector has a 
pre-cleaner chamber shown on Fig. 3, as unit 2. This 
chamber has spray nozzles directed in the rotation of 
the air in the pre-cleaner. From the pre-cleaner the 
air is drawn through a fan and discharged through 
the stack to the atmosphere. The fan, unit 1, Fig. 
3, is operated under a water spray from a nozzle for 
purposes of keeping the fan blades clean. The entire 
water system is operated by a 35-gpm pump at a 
pressure of 40 psi. The dust that is removed from 
the air stream is washed down by the water from 
the spray nozzles and collected in a sewer trap. 


Air Sampled for Dust Count 


In 1947 the author instituted a program of taking 
dust counts on a semi-annual basis to determine the 
effectiveness of his dust collecting systems. The 
actual dust count is taken by the State Board of 
Health, at the author’s request. In the State of Wis- 
consin, the maximum allowable concentration for 
prolonged exposure to foundry dust containing 5 to 
50 per cent free silica is 20 million particles per cubic 
foot of air. Samples taken in the general area of the 
author’s electric furnace have varied from 6.3 million 
to 14 million particles per cubic foot of air. These 
samples were recorded from 1947 through 1953. Un- 
fortunately, this program was not in effect prior to 
the installation of the author’s dust collector, so it 
is impossible to demonstrate actual comparative 
figures before and after its installation. 

It is possible to compare the samples taken at the 
crane cab, when tapping a heat, with the general 
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area samples. This is possible since the dust collector 
is ineffective when tapping. Figure 4 illustrates the 
tapping operation indicating the inability of the 
dust collector to function during tapping. The samples 
at the crane cab contained as high as 181 million par- 
ticles per cubic foot of air while tapping a heat. Because 
of this we insist that the crane operator wear a respirator 
during tapping. While this cannot be compared directly 
to the general area samples, it is indicative of conditions 
prior to the installation of a dust collector. 


Water Spray Nozzles Added to Precleaner 


In 1950 the author started to use oxygen in his 
melting practice. This considerably increased con- 
tamination for a very short period during oxygen 
injection time. Shortly thereafter, the Milwaukee 
County Smoke Control Department started to enforce 
laws that were passed during this period. This caused 
the author to add further equipment to his dust 
collecting system. Referring to Fig. 3, unit 2, in the 
existing pre-cleaner the author added a battery of 
spray nozzles. These were added to reduce the amount 
of micron particles being discharged to the atmos- 
phere. This pre-cleaner addition consisted of batteries 
of spray nozzles under high pressure. These were 
added to the cyclone chamber in hopes that it would 
help reduce the contamination in the air. These 
nozzles are operated by a 40-gpm pump at a pressure 
of 250 psi. 

How effective this has been is hard to estimate. It 
changed the color of the smoke from a deep orange 
or reddish-brown to a pale orange and must have 
reduced the amount of dust particles in the air stream. 
Fortunately, we have not caused the Smoke Control 
Department much trouble in the form of complaints. 
Therefore, there are no records of dust tests to dem- 
onstrate the effectiveness of the author's system. The 
Milwaukee Smoke Control Department has not gone 
on record in favor of what has been done, although 
they have approved the author’s installation. Perhaps 
if complaints were received on the author's operations 
they would insist on something else being done to 
eliminite the complaints. 





Fig. 4—Tapping a heat. 
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CONTROL OF EMISSIONS FROM THE ELECTRIC FURNACE 





Fig. 5—Top view of water eliminator. 


Thus far, in a period of six years, the author went 
through a transition of first satisfying his employees, 
and then satisfying the Milwaukee Smoke Control 
Department. However, his troubles were not over by 
any means. In adding all this water to a high velocity 
air stream it is a natural occurrence that some water 
will be carried to the atmosphere with the air. This 
water being carried out is contaminated with dust 
particles and FeO, which was bound to cause trouble. 
The trouble developed in the author's parking lots 
east of the foundry. When a west wind was blowing 
the wind carried the contaminated water over this 
parking lot and neighboring homes, and deposited 
it on parked cars, and on the neighbor's wash. 


Water Eliminator Used in System 

Once again employee complaints goaded the author 
into action. The author had to have the water to meet 
the Smoke Department’s approval, and at the same 
time, the author had to eliminate it from the air being 
discharged to the atmosphere. Investigation uncovered 
the possibility of introducing a second cyclone cham- 
ber (or water eliminator) after the air had gone 
through the water spray. By doing this the air flow 
path was changed and the centrifugal force of direc- 
tional change threw the water to the sidewalls of the 
cyclone chamber carrying the dust particles with it. 
This water was drained off at the bottom of the 
chamber and discharged to a storm sewer. Figures 


Fig. 6—Bcttom view of water eliminator. 


5 and 6 are top and bottom views respectively of 
the water eliminator that was installed after the 
author’s dust collector. 

The effectiveness of the addition of the cyclone 
chamber was obvious immediately. Complaints of 
soiled cars ceased as soon as it was installed. Secondly, 
the accumulation of silt in the storm sewer trap in- 
creased which indicated the secondary cyclone was 
removing much of the dust and water which was pre- 
viously discharged to the atmosphere. This cyclone, 
at a very small cost, has been a worth while invest- 
ment in improving employee relations as well as im- 
proving control of emissions from the electric furnace. 

Referring to the schematic drawing, Fig. 3, it is 
possible to see the complete system as it is being 
operated today. The dust is collected in the furnace 
hood, - passed through the pre-cleaner where two sets 
of nozzles wash the air, - from the pre-cleaner the 
air is drawn through the fan under a water spray, 
- and from the fan to the water eliminator, - and 
finally through the stack to the atmosphere. 

This is a history of what the author’s plant did to 
control emissions from its electric furnace. The author 
does not feel it is perfect, nor does he advocate it as 
the only way of doing the job. The author feels it 
has been adequate for his operations, The author 
will continue with it until something better has 
proven itself. 














ANOTHER LOOK AT SAND GRAIN DISTRIBUTION 


By 


B. H. Booth* and C. A. Sanders** 


History 


Up to the beginning of 1920, sand control was left 
to the salesman furnishing the molding sand. In the 
earlier records of some of the first investigators, it is 
found that Dr. Richard Moldenke, in his foundry 
bible of that period, The Principles of Iron Found- 
ing, McGraw-Hill Book Co, (1917), had very pointed 
views on the subject of what should constitute a truly 
perfect molding sand. 

He states that “His definition of the ideal molding 
sand should be a sand consisting of uniform-sized 
rounded grains of silica, each grain evenly coated with 
the thinnest necessary layer of the most refractory and 
fattest clay to be had.” He further states that “Natur- 
ally, the more uniform and round the grain the 
better, for fine material chokes-up the spaces between 
the larger grains and thus reduces the permeability”. 

In his dissertation on the “Ideal Sand” he mentioned 
that “The ideal sand should be of uniform grain 
size and round. The reasons for this will be under- 
stood when a moment's thought is given the matter. 
Small grains will pack between large ones whether 
they be rounded or angular. In the latter case the 
spaces are apt to be filled more completely by reason 
of the compacting action given the sand in making 
the mold. All this means reducing the permeability 
of the sand, and venting is interfered with to a very 
serious extent. Hence, the importance of a uniform 
size of grain.” 

This well known investigator recognized in his 
1917 publication that “It would be highly desirable, 
therefore, to establish a system of testing which can 
be used by the foundryman to ascertain whether his 
sand heaps are within the safe range composition at 
all times. He will thus know of trouble ahead before 
it actually faces him in the shape of lost castings.” 

In 1917 there was mentioned the word “‘fool-proof’’. 
Dr. Moldenke mentions that the reduction of permea- 
bility was most important and that for this reason, 
round grains of sand should be used. He states that 
“Tn ramming-up the mold, the quartz slivers and 


*Vice-President, Carpenter Bros., Inc., Milwaukee. 
** Vice-President, American Colloid Co., Chicago. 
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angular pieces are driven into close contact with each 
other, and the comparatively small pieces left between 
them are filled up with the clay pieces. This is not 
the case with round grains of the same size. No 
amount of pounding will bring them closer together 
if they are true spheres. It is only necessary to have 
a very fat clay in amounts too small to fill the void 
between the spheres to have an actual “fool-proof” 
molding sand which can be pounded as hard as 
wanted and yet vented properly.”’ 

Throughout this early period of investigation, 
came the decisions of certain learned foundrymen that 
molding sands should be “uniform”, if possible, they 
should occur on a “single screen”, these sands should 
be a “one-screened sand”’ in order to function better 
in the foundry. This teaching was presented before 
the foundrymen during the latter part of 1918 
through the early part of the 1920's. 

In the 1920's, and particularly 1923, Mr. Eugene 
W. Smith, Crane Co., Chicago, recognized the im- 
portance of grain distribution, emphasizing the “vib- 
ratory test” which he developed. This test, in part, 
was to add to the “rational analysis’. The test was 
more or less a method of determining clay content 
and sand grain distribution through a settling test 
whereby a sample of sand was shaken and vibrated 
with water and allowed to stand for a measured 
period. It was a satisfactory test and one that could 
be employed by the foundry with quick determina- 
tions and a general visual analysis of sand could be 
presented to them through what later became known 
as the “milk-bottle test”. 

Up to, and including most of the data through 
1938, AFA Grain Distribution Number was consid- 
ered only as Tentative Standard. It was defined as 
the variation or uniformity in particle size found in 
a sand. “The grain distribution numbers of a sand 
are defined as the spread of the grain sizes with re- 
spect to weight and according to AFA sieve series.” 

There were quite a number of methods and rules 
applied to this testing, grading, and determination of 
grain distribution. It was so complicated trying to dis- 
tinguish what was the “axis”, “Coarse Grain Distribu- 
tion Number”, “Fine Grain Distribution Number” 
etc. that at a later date this calculation and method 








500 


FIGURE | 


° CUMULATIVE GRAIN DISTRIBUTION C 


FoR 
SILICA SAND NO.5 
Seui-LOG PAPER 


(SPACES PROPORTIONAL TO THE 
SCREEN OPENING SIZE) 


a 


SCREEN SCALE 3 3 e 





Fig. 1—Cumulative grain distribution curve. 


of determination of the AFA distribution was abol- 
ished. It is our personal opinion that the members 
of the “Testing and Grading of Foundry Sands and 
Clays’’ were on the right track, but they could not 
decide exactly what method of determination to use 
and it was unforunate that this important test was 
minimized. 

By the time the 1944 edition of Foundry Sand Test- 
ing Handbook appeared, there were several papers 
that dealt with the subject of sand grain distribu- 
tion. One of the outstanding articles in 1933 was by 
H. W. Dietert and F. Valtier entitled, “Grain Struc- 
ture Control Insures Mold Permeability Control”. 
Several others who took a great interest in the de- 
velopment tests for sand grain distribution were 
Zirzow, Morey, Grubb and Sawtelle. Sawtelle has 
used a visual analysis for a number of years in cor- 
relating this data against casting finish and molding 
sand mechanical properties. 

Grain Distribution 

In 1944 the AFA Grain Distribution was still 
Tentative Standard and was defined as “The simplest 
and clearest method for expressing grain distribution 
is to plot grain percentages against sieve numbers as 
a graph. The curve should be plotted on a semi-log 
graph paper (Fig. 1).”” The previous determinations 
were abolished and such was the case throughout 
the history of foundry sand practice. However, from 
the middle 30’s to the middle 40’s several papers of 
interest started to point to many foundries having 
adopted the ceramic industry’s opinion of grain siz- 
ing or “proportioning of non-plastic aggregates.” 

By blending various grades of sand to obtain de- 
sired physical and mechanical properties, it was soon 
learned that casting finish and defects which occurred 
in the casting could be remedied by a more careful 
study of the sand grain distribution. Quickly, foun- 
dries gave more attention to sand versus casting fin- 
ish, as indicated by the advancement and use of fac- 
ing sands of finer grain than the backing sand. Soon 
it was found that through proper sand grain distribu- 
tion, it was possible to obtain even better surface 
finish on castings, and then a series of remarks and 
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Fig. 2—Grain distribution curve for silica sand. 


opinions developed regarding what should constitute 
the sand distribution of both facing and backing 
systems. 

In the 1940’s there were several papers written on 
the subject including two by one of the co-authors 
of this paper and another by Schumacher dealing 
with “fool-proof” sand as applied to a gray iron 
industry. 

There has been a strong tendency toward using 
molding sands and core sands with a grain distribu- 
tion which has been spread over several adjacent 
screens, even as great as 5 or 6 adjacent sieves and 
which have been claimed to be more “fool-proof’’ 
than the customary three-screened sand. In 1947 an 
article by the co-author entitled, “Visual Analysis of 
Sand Grain Distribution” (The Foundry, November, 
1947) used the term “‘fool-proof” in the second para- 
graph, but its definition was entirely opposite that 
of Dr. Moldenke several years prior. 

The writers claimed that by placing sands retained 
on various sieves into test tubes, one could quickly 
visualize the screen analysis of that particular sand. 
Direct graphs also may be employed for the same 
purpose (Fig. 2). By such procedures, sands varying 
to any degree are quickly recognized, and methods 
are readily devised to overcome any difference in the 
sand grain distribution. 


Importance of Controlling Sand Grain Distribution 


Changes in the grain distribution of molding sand 
influence the mechanical properties to a considerable 
degree. Daily distribution changes, either from 
graphs, direct screen analysis, or test tubes, enable 
the foundryman to correlate these changes with the 
variables in the molding operation, 

Where several sands are being blended in one 
foundry, the grain distribution is changed easily by 
introduction of more or less core sand, new molding 
sand, reclaimed system sand, and irregular additions 
of other materials. Many minor changes are some- 
times ignored, but after a few days’ operation the 
grain distribution has changed so radically that im- 
proper working conditions or casting defects (Fig, 3) 
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occur. Prior visual examination of the distribution 
curve would direct attention to any change and per- 
mit correlation or correction before conditions be- 
come out-of-hand. 

Sands, in general, whether used for foundries or 
not, have been classified according to their grain 
distribution. This is a system that was attempted 
many years ago by AFS and was adopted from similar 
test methods that have been used from time to time 
in the building and construction industry. It is not 
the intent of this paper to get into a controversy of 
opinion as to what method should be used, but it 
should be brought to the attention of the foundrymen 
that there are certain strong opinions on this subject. 


AFS Grain Fineness Number 


Sands throughout the industry are now being classi- 
fied more generally by their AFS Grain Fineness 
Number rather than Distribution. To classify a sand 
according to fineness, a representative sample is first 
washed by the Standard AFS Clay Washing Method to 
remove the less than 20 micron and finer particles. The 
remaining sand grains are then passed over the stand- 
ard series of sieves (Table No. 1) so that the amount 
retained on each screen can be determined. This 
information gives the grain distribution of that par- 
ticular sample of sand. When taking the amount of 
grains retained on each screen and multiplying it 
by the mesh size of the screen, the grain passed 
through, and by adding these figures and dividing by 
the total grain, one arrives at an average figure termed 
the “AFS Grain Fineness Number.” Without a doubt 
this is the most positive manner by which foundry- 
men are now grading sand. This is supposed to rep- 
resent the average fineness of all the grains in that 
sample. It is useful in comparing the fineness charac- 
teristics of various types of sand from a similar de- 





| | 


Sen 1 2 : 
Fig. 3—Rough surface on casting due to poor sand dis- 
tribution. 
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TABLE ]1—STANDARD AFS SCREEN SCALE SIEVES 








Tyler Screen 
Scale Sieves 
U. S. Series Meshes per 
Equivalent Number lineal inch 
Standard Intermediate Standard Intermediate 
4 4 
5 5 
6 6 
7 7 
8 8 
10 9 
12 10 
14 12 
16 14 
18 16 
20 20 
25 24 
30 28 
35 32 
40 35 
45 42 
50 48 
60 60 
70 65 
80 80 
100 100 
120 115 
140 150 
170 170 
200 200 
230 250 
270 270 
$25 $25 
Pan Pan Pan Pan 





posit, but does have the disadvantage that the distri- 
bution of the sand can actually vary considerably and 
still produce the same AFS Grain Fineness Number. 
See Table 6. 


What Terminology to Use? 


To help describe a sand more specifically, it has 
become a common foundry custom to state that a 
sand is either a ‘“2-screen’’, ‘3-screen”, “‘4-screen”, 
etc. sand. By this particular description the foundry- 
man has attempted to establish a relationship be- 
tween the AFS Grain Fineness Number and the dis- 
tribution of the sand. At the present time no one has 
established a correct formula that enables everyone 
to “speak the same language” where distribution is 
discussed. 

The terminology and nomenclature of attempting 


to define “distribution”, “sorting’’, “spread’’, a “l- 
screen sand’’, a “wide-screen sand’, or a “5-screen 
sand”, “uniform”, “narrow distribution”, “concen- 


trated”, “irregular distribution”, and so forth, have 
not yet led to a satisfactory description. Even though 
the industry has frowned-upon the use of such words 
and phrases as “fool-proof”, “safer”, “one-purpose”’, 
etc., these terms are still being used loosely by the 
industry in general. 


Problem—What is a “‘single screen“ sand, a “2-screen 
sand, a “4-screen” or “‘5-screen’’ sand? It has long 
been advocated that the proper sand to use is a “3- 
screen” sand, with the bulk of the sand grains on the 
center screen. In fact, this sand has been measured in 
the past by several authorities by stating that 70 
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TABLE 2—TYLER STANDARD SCREEN SCALE SIEVES 
Tyler Every Every For Closer 
Standard Other Other Every Sizing From 
Screen Sieve From Sieve From 4th 1.050” to 
Scale .742” to 1.050” to Sieve From 0015” 
v2 0015” 0021” .742” to Ratio 
or 1.414 Ratio Ratio 0029” 4 Openings Diameter 
Openings of of Ratio of v2 in of 
in In. 2tol 2tol 4tol or 1.189 mm Mesh Wire 
ao.” \: |. Reema ae. eee 1.050 26.67 par .148 
pier sere te, Man cnerers ete) at Wirt ee eee tS a eee 883 22.43 obs 135 
742 a ee ae 742 .742 18.85 Lae .135 
Cee ee yoo es ee ag ge aig .624 15.85 sat .120 
ee i ee ee 3-2 eS eee 525 13.33 bata .105 
ee eeente Go A Nee Se ee Po rae aeieae 441 11.20 ae -105 
371 AP ee 5 Sg ce Se ee ee ae ae ae 371 9.423 or 092 
ee et op.) tp ee Oa ane er ee 312 7.925 214 .088 
es <6 os gas mee + Ter ee .263 6.680 3 .070 
ee ae Pe el ILD, al ia ee 221 5.613 31% 065 
185 Oh) wt. Fc ie Deke .185 .185 4.699 4 .065 
es NA bee eT eg -156 3.962 5 .044 
eee, Le Geek ee fa. oe pee 131 3.327 6 .036 
a 0 a A amend 110 2.794 7 .0328 
093 A ne ee re .093 2.362 8 032 
Pee Pe: A Be DR a re eee .078 1.981 : 9 .033 
Gre oth nea rs seg eo .065 1.651 10 .035 
> et = Sm ee eg ermal Tg eo 5 an .055 1.397 12 .028 
046 SS eee ane 046 .046 1.168 14 .025 
OSTA eee ee A ee ee re Pe .0390 991 16 0235 
MR ae SST nN .0328 833 20 0172 
he ee ee ee a *  o - ." .0276 -701 24 .0141 
0232 Re? te Se eee a NL oe .0232 589 28 0125 
Semna ats eee ee Semen me een eee Th Sa ee 0195 495 32 0118 
See oe). Ole | SR a ee .0164 417 35 .0122 
eae ™ AE eee ee ee ee .0138 351 42 .0100 
0116 ee 0116 0116 295 48 .0092 
SE I kn: AES SE ad ie ne es .0097 .246 60 .0070 
eee ee) TP page .0082 .208 65 .0072 
Sensis MTS Wee SPP os Seeders. 2: Tre Aedes .0069 175 80 .0056 
0058 ET agile or eens eet ye .0058 .147 100 .0042 
CR i NE a ae Ree Lo ee ry ee ene .0049 .124 115 .0038 
PS a ee ER ee ee .0041 -104 150 0026 
ee at. oe eee ee. nt ieee ® |. a .0035 .088 170 .0024 
0029 ee en ee 0029 .0029 .074 200 .0021 
SS Pee ae ees Te oe ae Sh ee a oe eae .0024 .061 250 .0016 
0 SS ae I at Sh ea .0021 .053 270 .0016 
Ta ie SE ED iy INS Soe a a eres .0017 .043 $25 .0014 
0015 te ee Aiae  e .0015 .038 400 001 





per cent of the sand that is confined on adjacent 
sieves will constitute the number of sieves of that par- 
ticular sand. It does seem reasonable to ask the ques- 
tions, “What is a screen?’’, “How should it be de- 
fined?” 

Many sand producers are using the cumulative per- 
centage curve (Fig. 1) by plotting, as it does give 
an exact curve of the distribution of the sand but 
as some foundries have stated, “not too many prac- 
tical foundrymen are able to interpret a semi-log 
graph.” These foundries term that a “normal proba- 
bility curve’ is perhaps well for a scientific labora- 
tory but rather poor for an actual particular know- 
ledge. They frown upon using a “sorting coefficient” 
except for more scientific data. 

Producers have been quite frank in pointing out 
some of their opinions as they state that it makes 
very little difference to them what terms are used, 
as most customers order directly from screen analysis 
(Tables 4 and 5). A proper curve on graph paper or 
depicted by the sorting plot curve is satisfactory, but 


a curve may cause producers some difficulty. Pro- 
ducers argue that few orders are received for sands 
on the basis of the number of screens or sieves the 
sand covers, but rather by direct analysis and for 
sure the AFS Grain Fineness Number of the sand is 
requested. It is the general opinion that most pro- 
ducers are able to comply with the foundry industry's 
wishes and that the foundry sand salesman is much 
better qualified to adjust himself to foundry termin- 
ology than the foundryman is able to adjust himself 
to created terminology from the producer's stand- 
point. 

Opinions—Some foundrymen state that to help de- 
scribe a sand more specifically, it has become the 
custom to state that a sand is either “2-screen”, “3- 
screen’’, ‘‘4-screen”, etc. Some investigators believe 
such a description defines a screen when 10 per cent, 
or more, of the grains are retained on a single screen. 
Consequently a “3-screen sand” would show 10 per 
cent plus of its total grain content on each of three 
adjacent screens (Fig. 4). 





OS ote feet ee 








B. H. Bootru Anp C. A. SANDERS 


TaBLe 3—U. S. StEvVE AND TYLER EQUIVALENTS 


503 





Coarse Series 





Fine Series 








Tyler 
Sieve Openings Diameter Screen Sieve Openings Tyler Screen 
Sieve Inches of Scale Inches Scale 
Designation Millimeiers (Approximate Wire Equivalent Microns U.S. Number Millimeters (Approximate Equivalent 
Inches Equivalent) Inches Inches Equivalent) Mesh 
(4.24)** 107.6 4.24 .250 5660 No. 3% 5.66 .223 3% 
4 101.6 4.00 .250 4760 No. 4 4.76 187 4 
314 88.9 3.50 .225 4000 No. 5 4.00 157 5 
3 76.2 3.00 .207 3360 No. 6 3.36 132 6 
2% 63.5 2.50 -192 2830 No. 7 2.83 All 7 
(2.12)** 53.8 2.12 192 2380 No. 8 2.38 0937 8 
2 50.8 2.00 192 2000 No. 10 2.00 .0787 9 
134 44.4 1.75 -192 1680 No. 12 1.68 .0661 10 
1% 38.1 1.50 162 1410 No. 14 1.41 0555 12 
li 31.7 1.25 162 wbiges 1190 No. 16 1.19 0469 14 
(1.06)** 26.9 1.06 .148 1.05 1000 No. 18 1.00 0394 16 
1 25.4 1.00 148 eae 840 No. 20 84 0331 20 
% 22.2 875 -135 .883 710 No. 25 71 0280 24 
3/, 19.1 .750 135 .742 590 No. 30 59 0232 28 
5, 15.9 625 -120 624 500 No. 35 50 0197 32 
(0.530)** 13.4 530 -105 525 420 No. 40 42 0.165 35 
% 12.7 500 105 eee 350 No. 45 35 0.138 42 
he 11.1 438 -105 441 297 No. 50 .297 0117 48 
5 9.25 375 092 371 250 No. 60 .250 .0098 60 
Ke 7.98 312 .088 312 210 No. 70 210 .0083 65 
(0.265)** 6.73 265 .070 .263 177 No. 80 177 .0070 80 
4 (No. 3) 6.35 250 .070 ees 149 No. 100 149 .0059 100 
125 No. 120 -125 .0049 115 
105 No. 140 -105 .0041 150 
88 No. 170 .088 0035 170 
74 No. 200 .074 .0029 200 
62 No. 230 .062 .0024 250 
53 No. 270 053 .0021 270 
44 No. 325 044 .0017 325 
37 No. 400 037 0015 400 


4 


**Note:—Where it is desired that the coarse sieves follow the vy 2 ratio with the fine series, the 4”, 2”, 1”, 
should be omitted from the above series and the sieves marked with the double asterisk **) used in their place, 


Yo” and 14” sieves 





TABLE 4—-UNBONDED SILICA SAND 




















Screen No. I 2 3 4 5 6 7 8 9 10 
On 30 1.3 2.7 14.4 26.1 43.6 61.2 
. 40 8 1.6 2.4 11.5 20.6 23.0 25.4 29.0 32.6 
50 3.4 9.0 14.7 20.4 24.1 27.9 23.1 18.5 115 4.5 
, 70 25.7 28.6 31.7 34.7 29.3 23.9 19.3 14.8 79 1.1 
100 42.2 36.7 31.4 26.1 21.2 16.4 13.2 10.0 5.2 A 
; 140 20.7 17.9 15.1 12.3 9.4 6.5 5.2 3.9 2.0 l 
200 6.7 5.5 4.4 3.4 2.5 1.6 1.3 9 5 
Thru 200 1.6 1.2 9 7 5 38 2 2 J 
Approx. AFS 
Grain Fineness 77.83 72.43 67.70 63.31 56.99 50.80 45.43 40.30 $2.56 24.75 
Approx. Base 
Perm. (Dry) 60. 70. 80. 90. 110. 145. 180. 300. 475. 700.4 
Approx. Wet Perm. at Critical Moisture — 160% - 175% of Base Perm. (Dry) 
AFS Clay — All Grades — Less Than 5% 
TABLE 5—BoNDED MOLDING SAND 
A.FS. 
Grain 
Sample Retained on A.F.S. Fine- Green Green 
No. 6 12 20 30 40 50 70 100 140 120 270 Pan Clay ness Perm. Shear Comp. Grade 
Over 
D-4645 96 122 208 126 118 78 38 24 8 6 2 1.0 16.4 25 900 64.0 18.0  $2-M 
D-5119 34 52 182 180 170 160 62 3.0 1.0 6 A 10 200 33 610 4.3 19.2 $3-S 
D-4676 42 60 136 118 15.0 116 78. 5D 2s. AR 4 1.8 20.0 38 398 45 19.7 $314-S 
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Fig. 4—Illustration of a 3-screen sand. 
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Fig. 5—Sand with wide grain distribution. 
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Fig. 6—Sand of AFS grain fineness 70 to which an 
“opener” sand was added. 


Some sand technicians consider a half-screen as 
those screens containing from either 714 per cent to 
10 per cent of the grain. 


Sieve Classification 


Some investigators believe that 10 per cent retained 
on a single screen is too broad ot a statement to make, 
as a sand could then be classified as a “1-screen” sand, 
if it contained 10 per cent or even 50 per cent. For this 
reason, they have advocated that a screen containing 
10 — 15 per cent should be given a value of 1, at 
15 per cent the screens would then become a 114 
value, at 20 per cent they would have a value of 2, at 
25 per cent a value of 21% etc., up through the sieve 
scale. 

Thus, a sand of a “4-screen’” distribution, having 
a screen analysis of 10 per cent on the 50, 30 per cent 
on the 70, 30 per cent on the 100, and 10 per cent 
on the 140 would have a numerical value of 1-3-3-1. 
Then by designating the beginning and end screen 
for distribution, for example the No. 50 sieve, or 
the No. 140 sieve, the sand would be established as 
a 50-140-1-3-3-1, thus describing the sand under con- 
sideration. Giving the value of 14 to sands containing 
5 per cent between whole numbers would allow the 
sand producers a leeway in production of about 
minus 4 to plus 4 above the 14 established value. If 
these producers do ship by direct analysis, this would 
furnish them a wider range. (Fig. 5). 

There are those investigators who definitely want 
to show the peak of the distribution and likewise 
describe the end of the distribution by that particu- 
lar sieve number which shows at least 5 per cent or 
more retained on that sieve. There are some investi- 
gators who classify the sand similarly but with minor 
adjustments. Some say that 10 per cent and over de- 
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fines a sand as a screen. If 5-10 per cent is retained 
on a screen that defines the sand as a 14 screen. They 
do not total the 14 screens to equal a full screen, 
but rather say they have a “1-2-3-4-screen sand” with 
two 4 screens for distribution. 

Similarly there are those foundries that state they 
call a 4 screen from 7 per cent to 10 per cent, They 
further say that they allow a tolerance of plus or 
minus 2 per cent in order to better clarify what con- 
stitutes a screen. For example, if a sand contained 9 
per cent by weight retained on that screen, to these 
foundrymen it would be classified as a screen, be- 
cause they are allowing the limit of plus or minus 
2 per cent, in order to make this possible. 

Comments — Choosing the number of screens the 
sand grains are distributed over, plus the AFS Grain 
Fineness Number, gives a fairly accurate verbal des- 
cription of that particular sand. However, the actual 
screen analysis of the sand is the basic test and should 
be used whenever possible. By all means, plotting 
and visual analysis with the actual screen test should 
be used by all laboratories hoping to seek further 
scientific information. 

The terms and phrases which are now being used 
throughout the foundry industry such as “3-screen 
sand”, ‘‘4-screen sand” etc., are lending a definite 
picture as to the particle size or distribution of these 
sands. The line of demarcation between the percent- 
ages which constitute a given size, or a given screen 
number has not yet been established. It is the strong- 
est opinion of those persons who are acquainted with 
this problem that possibly for verbal descriptions it 
may be satisfactory, but cannot replace the actual 
sieve analysis of the sand. There is not sufficient des- 
cription of such conversation to suggest uniformity. 
The nomenclature denotes it should be used only as 
verbal discussion. If more accuracy or a better un- 
derstanding of the sand is desired, it is recommended 
that a detailed sieve analysis be considered. 

Facts —- Because many foundries have developed 
their own plant graphs and curves by plotting an- 
alyses which are being purchased, they have proven 
their best curve distribution for certain quality cast- 
ings produced. The distribution is just as important 
as the AFS Grain Fineness Number. The number of 
screens over which that sand is distributed (Fig. 6) 
is probably more important to these foundries than 





Fig. 7—Rough exterior surface of casting. 
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Fig. 10—-Loading Juniata bank sand at pit. 


the AFS Grain Fineness Number which is so widely 
used. Particularly, the practical foundryman is per- 
haps more aware of the value of distribution than 
the engineer or the research man who has strongly 
emphasized the importance of the cumulative curve 
rather than the visual distribution of that sand. The 
complicated terms should be simplified into the 
language understood by the average foundryman. In 
comparing selectively graded sands with sands hav- 
ing grains that are approximately of equal size, the 
Jatter sand requires more clay bond to fill the porous 
spaces and thus is recognized by the layman. He has 
recognized that this internal porous space will cause 
a rough exterior surface (Fig. 7) to the projections 
of certain silica grains and the seeking of the metal 
into these concave surfaces of the mold-metal inter- 
face. 


Distribution Curve 


The foundryman has recognized that common grad- 
ing or screening (Figs. 8, 9, 10, 11) of sand produces 
a graduation of sizes, and thus some sands may be 
out of graded proportion when received by that foun- 
dry. The layman condemns a sand which contains 
fines only when they are in preponderance and of 
chemically low fusion properties. It is for this reason, 
and this reason alone, that distribution must be 
placed on an equal level with AFS Grain Fineness 
Number as the foundryman has proven that a dis- 
tribution curve is far more useful to him than any 
number that can be established. 
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Fig. 9—A New Jersey sand deposit. 





Fig. 11—General view of silica sand plant at Portage, 

Wis. This plant produces a dried, screened and graded 

product that is widely used in steel, gray iron, and non- 

ferrous foundries. Sands of 2-3-4-5-screen distribution are 
produced. 


TABLE 6—GRAIN FINENESS NUMBER OF Two SANDS 











Sieve No. Per Cent Retained on Various Sieves 
Sand No. 1 Sand No. 2 
30 0.0 2.7 
40 4.6 20.6 
50 42.7 27.9 
70 36.4 23.9 
100 12.8 16.4 
140 2.9 6.5 
200 - 1.6 
Pan 0.6 0.3 


AFS Grain Fineness 


No. 


50 


50 


Note: Both sands have an approximate 50 AFS Grain Fineness 
Number, but each distribution is different. 





Summary 

It is the duty of the foundry industry to help solve 
this important problem and to recognize that it is the 
layman who makes the castings as well as the engineer 
and research chemist. Therefore, the industry is 
obligated to this foundryman to help over his rough 
road toward success. 

The terms 1-2-3-4-screen sand are frequently used 
in the foundry industry to indicate some visual pic- 
ture of particle size or distribution of those sands. 
The question arises as to what constitutes a demarca- 
tion between percentages which cause a given size to 
be counted as a screen or as no-screen. 
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Number of Screens Designation 


The authors are of the opinion that the “number- 
of-screens” designation is not sufficiently precise as 
to deserve definition. 

On the other hand, the term is descriptive in a 
general way. It is believed that the number of screens 
should be used only as roughly descriptive, for the 
purpose of uniformity in nomenclature. Therefore, 
it is strongly urged that all foundrymen speak the 
same language by undertaking a satisfactory explana- 
tion of grading sand grain distribution. 
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DISCUSSION 


Chairman: E. L. BucHMAN, Ford Motor Co., Cleveland 
Foundry Div., Cleveland. 

Co-Chairman: T. Giszczak, Central Foundry Div., Defiance 
Plant, GMC, Defiance, Ohio. 

E. E. Woopiiwr (Written Discussion):* Although many 
theories have been formed, some good and some worthless 
ones, in regards to sand grain distribution since the time 
of Dr. Moldenke’s publication, The Principles of Iron Found- 
ing, no one has come up with a more suitable test than the 
standard clay and screen analysis for fineness. 

As the authors point out, it is best to simplify the method 
of showing grain distribution in order to promote its usage 
by the greatest number of operating foundrymen. It is the 
belief that one of the underlying reasons why the cumulative 
grain distribution (Fig. 1) when plotted on logarithm paper 
and the calculation of the grain distribution numbers have 
not been readily received is their complicated nature as they 
appear to operating foundrymen. 

The two more simplified expressions of sand grain distribu- 
tion which have more or less received acceptance, are the plot- 
ting of the grain distribution curve of percentage grains re- 
tained vs U.S. Sieve size (Fig. 2) and the second method of 
easy break down into groups of various grain sizes or classi- 
fications, each having a definite control purpose. This is illus- 
trated as follows: 

1. Per cent, plus 30 grain, termed “gravel,” accepted be- 
cause these grains in dry sand molding tend further to reduce 
or control the mold’s thermal expansion or stability. 

2. Per cent, plus 50 grain, termed “coarse” grains, accepted 
as an index to a sand’s ability to produce a surface finish. 
The higher the total plus 50 grain, including gravel grain, 
the rougher the casting finish in green sand molding and the 
lower the percentage plus 50 grain the smoother the surface 
finish. Some non-ferrous foundrymen prefer to carry this to 
include the plus 70 grain. It is an index to surface finish. 

3. Per cent, minus 140 grains, termed “fines,” accepted be- 
cause these grains bear a heavy influence on the sand’s perme- 
ability. Their control does not mean the elimination of them 
but to within given fixed limits for they tend to increase the 
sand’s density and control metal penetration. They are an 
essential part of the sand distribution, but must be controlled. 

4. Per cent, minus 200 grains, termed “silica flour equivalent.” 
This portion of the total “fines” whether a natural part of 
the base sand or an added portion serve to increase the sand 
mixtures hot strength in much the same manner as does 
silica flour. For example in core work the presence of a fai: 
quantity of natural minus 200 grains will increase the core’s 
hot strength and increase hot tears much as the equal quantity 
of silica flour. 

These four classifications offer a quick breakdown of any 
sand and gives an immediate interpretation of its desirability. 

Only in recent years have we had much practical discussion 
of the multiple grain spread of sands, such as the 2, 3, 4 and 
5 screen distribution. I have yet to see the advantages which 
this form of classification offers except where the multiple 
classification adds to the sand’s final rammed density. While it 
is generally believed the sand with the broader grain dis- 
tribution will have the greater rammed density, this is not 
always true. 

Sands from different deposits have widely different densities 
regardless of the sand grain distribution. And while distribu- 
tion over a broader number of sieves may help in increasing 
the density it may never reach that density of even a narrow 


1 Foundry Sand Service Engineering Co., Detroit. 
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grain spread of a sand from a deposit of sand having a 
natural high density. For example, a 5-screen silica sand from 
the Gulf Coast rivers of Texas will have a lower rammed density 
than a 2-screen distribution of a sand from Ottawa, Ill. It is 
largely a matter of grain density and shape. Therefore, the 
theory of the broader distribution of grain does not hold 
ruch water. 

Further, the distribution of sand grains are most always 
considered on the washed grain and this holds no relationship 
to the grain distribution of the sand as it is used in the foundry. 
There are always conglomerate grains in molding mixtures 
where clay is part of the blend. For this reason the distribu- 
tion of grain of the raw or the washed grain has very little 
relationship to what the distribution of the sand will be in 
the molding mixture. The extent of the sand conglomerations 
will depend some on the mulling, clay content and the dry 
strength of the mixture. 

To show these relationships a number of sands were selected 
which have had different treatments, such as a full synthetic 
molding mixture, a semi-synthetic molding mixture (both of 
which are thoroughly mulled each time used) and a third 
molding mixture which has never been mulled and is a 100 
per cent natural-bonded sand. Both the grain distribution 
of the sands, as washed and as they are with the clay left in, 
are given for comparison. These test results follow; 


SAND TYPE AND NAME 





Full Synthetic 
Molding sand 
(mulled) 


Semi-Synthetic 
Molding sand 
(mulled) 


Full Natural 
Molding sand 


(not 


mulled) 


Washed Unwashed Washed Unwashed Washed Unwashed 


Sieve No. Per cent Grains Retained 
6 0.0% 0.0% 05% 0.2% 0.0% 0.0% 
12 0.4 02 1.6 1.4 0.6 04 
20 0.5 52 2.0 9.4 1.4 4.8 
30 1.1 7.8 1.9 10.4 1.5 7.2 
40 8.8 18.8 9.7 20.6 8.3 12.5 
50 16.6 27.8 16.4 26.4 8.6 20.3 
70 31.2 28.2 28.4 22.6 19.8 25.8 
100 20.2 8.4 17.6 62 26.2 17.4 
140 3.9 2.0 3.6 1.5 13.2 6.5 
200 1.8 1.0 2.0 0.7 6.9 2.6 
270 12 0.2 1.0 0.3 3.1 1.1 
Pan 1.9 0.3 2.3 0.2 5.4 1.4 
A.F.S. 
Clay 12.5% leftin 12.6% left in 9.6% Ileftin 
Gravel 
Grain 2.0% 13.2% 6.0% 21.4% 3.5% 12.4% 
Coarse 
Grain 274% 598% 32.1% 68.4% 15.4%, 45.2% 
Fines 4.9%, 1.5% 5.3% 1.2% 15.4% 5.1% 
Silica Flour Equiva- 
lent 3.1% 0.5% 3.3% 0.5% 8.5% 2.5% 





From these comparisons it might be said that the action of 
clay is to drive the grain spread to a one screen higher distri- 
bution in the cases of the mulled sands and to two screens 
higher for the unmulled sand. This does not always hold for 
in each example the sand would be classed as a three-screen 
distribution in the washed grain but as used the unmulled 
sand is a four-screen sand. I do not believe it to be a prac- 
tical consideration to lay too much stress on the distribution 
of grains other than a check on practice and to serve as another 
step in a control program. 











SOME FACTORS AFFECTING FATIGUE STRENGTH 
OF ALUMINUM ALLOY SAND CASTINGS 


Marshall Holt* 


The designer of structures made from aluminum 
alloy sand castings is often confronted with the prob- 
lem of how to use data obtained from fatigue tests 
on “metallurgical-type” specimens machined from 
separately-cast test bars. The purpose of this paper is 
to compare data from small machined specimens 
with results from tests on larger components tested 
with as-cast surfaces, and to show the effects of notches 
and certain defects in the casting. The data presented 
were obtained in direct-stress fatigue tests, and hence 
are not directly comparable with data from rotating- 
beam fatigue tests. 

Direct-stress fatigue tests were made on two types 
of specimens, viz., small “metallurgical-type” speci- 
mens having a diameter of 0.250 or 0.300 in. and cast 
plate-type specimens having the dimensions shown in 
Fig. 1. For the plate-type specimens, the thickness of 
the test section is a minimum at the center of the 
specimen and increases slightly toward the ends, so 
that failures would likely occur near the center. Ex- 
cept for a few cases, this portion of the specimen was 
left with the wide surfaces in the as-cast condition. 
The butt ends were relatively thick for the purpose 
of gripping the specimen and were machined to fit 
the adapters of the testing machines as shown in Figs. 
2 and 3. 
























































Fig. 1—-Cast fatigue specimen having rectangular cross 
section. 


* Aluminum Research Laboratories, Aluminum Company of 
America, Cleveland, Ohio. 





The specimens tested in this investigation were 
sand castings of aluminum alloy 355-T6.* The nomi- 
nal composition of this alloy is: 


Silicon Se re ie. 
Copper ee ee ae. 
een OS a Oe Ce 
Aluminum remainder 


* ASTM Specification B26-52T, alloy SC51A; also covered by 
Federal Specification QQ-A-601, Class 10 and Army-Navy- 
\eronautical Specification AN-A-40. 





Fig. 2—Static tensile test of plate-type sand-cast specimen. 
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Fig. 3—Method of gripping specimens in the Templin 
structural fatigue testing machine. (Note auxiliary plate 
fulcra for eliminating bending of specimens.) 


Fig. 4—Aluminum Research Laboratories direct-stress 
fatigue testing machine. 


Fig. 5—-Krouse fatigue testing machine. 


Fig. 6—Templin fatigue machines for testing structural 
units. 


The specified mechanical properties for separately- 
cast test bars in the -T6 temper (solution and preci- 
pitation heat-treatments) are: 
Tensile Strength, psi 32,000 
Yield Strength (0.2 per cent offset), psi 20,000 
Elongation in 2 in., % 2 








510 


The fatigue tests on the machined round specimens 
were made in either a machine of the type shown in 
Fig. 4, which was designed and built at the Alumi- 
num Research Laboratories,* or the machine shown 
in Fig. 5, which was built by the Krouse Testing 
Machine Co. The plate-type specimens were tested in 
the Templin Structural Fatigue Machines** shown 
in Fig. 6. A few cyclic-load tests were made on plate- 
type specimens using the static testing machine and 
adapters shown in Fig. 2 at loads greater than the 
capacity of the fatigue testing machines. Because of 
the great amount of time consumed, some of these 
tests were stopped before the specimens failed. 

All the fatigue testing machines are so constructed 
that the loading cycle can include any combination 
of tensile and compressive loads within the capacity 
of the machine. These tests, however, were all con- 
fined to a load cycle from zero to a maximum in 


* For further description see, R. L. Templin, “The Fatigue 
Properties of Light Metals and Alloys,” Proc. ASTM, vol. 33 
(1933), Part II, pp. 364-386. 

** For further description see, R. L. Templin, “Fatigue Ma- 
chines for Testing Structural Units,” Proc. ASTM, vol. 39 
(1939), pp. 711-722. 
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tension. The desired load conditions were obtained 
by the adjustment of the eccentricity of the crank, 
and of either the specimen holder or a turnbuckle in 
the connecting rod. 

The Krouse and Templin machines had been pre- 
viously calibrated dynamically and the dynamic ef- 
fects were taken into account in setting up the desired 
loading conditions. After a short “breaking-in” per- 
iod, the tests were interrupted and the loading candi- 
tions checked. Long-time tests were also interrupted 
once each week to check the loading conditions; only 
occasionally were adjustments required. Each machine 
has a cycle counter and an automatic cut-off switch 
which stops the machine when a specimen fails. A 
test was considered complete when the specimen 
could no longer maintain the scheduled loading con- 
ditions, a situation which was usually manifest as a 
complete fracture of the specimen. Some tests were 
arbitrarily stopped after about 25 million cycles of 
loading, while others were allowed to go much longer. 

The results of static tests on the same types of speci- 
men were considered to be the result of half-cycle 
fatigue tests; the starting points on some of the S-N 
diagrams were determined by this test. The static 
tensile tests on the plate-type specimens were made in 
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an Amsler Universal Testing Machine having a capa- 
city of 300,000 Ib and three intermediate load ranges. 
Figure 2 shows the adapters to which the specimens 
were keyed and bolted. They were built so that the 
load line established by the spherically-seated tension 
bolts coincided with the longitudinal center line of 
the specimen. 

A strain survey was made using SR-4 electric strain 
gages, and it was found that the distribution of strain 
across the specimen was nearly uniform but that there 
was some bending of the specimen normal to the 
plane of the plate. The six values of measured strain 
were within 8 per cent of the average value. A similar 
strain survey on a specimen in the fatigue testing 
machine indicates that the strains were within 5 per 
cent of the average axial strain. 

Figure 7 shows the results of direct stress fatigue 
tests on round specimens machined from separately- 
cast test bars, or from the butt ends of plate-type spec- 
imens that were considered to be representative of 
high-quality castings. 

Figure 8 shows the results of direct-stress fatigue 
tests on plate-type specimens with as-cast surfaces. 
All these specimens were generally sound, had no in- 


tentional defects and were considered to be of good 
quality. The band drawn to include these data points 
will be used for further comparisons. 

The difference in the bands of data representing 
the two types of specimens in Figs. 7 and 8 probably 
represents the effects of geometry of the specimen 
rather than the surface preparation, as may be in- 
ferred from Fig. 9. In this latter case, the data points 
for plate-type specimens with machined surfaces agree 
reasonably well with the band developed for plate- 
type specimens with as-cast surfaces. However, there 
is a tendency for the test points from specimens hav- 
ing about 2.4 per cent voids to lie in the lower por- 
tion of the band. 

It should be pointed out that the lot of specimens 
with 2.4 per cent voids was cast from a ladle of mate- 
rial that had been heavily gassed, deliberately, with 
NH,Cl before pouring. In the case of the other lot 
of specimens, the material had been less severely 
gassed with NH,Cl and there were about 1.7 per cent 
voids. Data points for specimens with as-cast surfaces 
and 2.4 per cent voids would (if plotted) be very 
close to the lower edge of the band shown. 

Figure 10 shows the results of fatigue tests on 0.300- 
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TasLe |—ReEsuLts oF Drirect-Stress FATIGUE TESTS 
Plate-type Specimens with Deliberate Defects, Tested with 
As-cast Surface Aluminum Alloy 355-T6.. 

Stress Range from Zero to Tension. 





Max Stress, Cycles to 


Specimen 
psi Failure 


No. Description of Defect 





L-2216-4 massive dross in center of test 
section 8,990 1,366,600 


-5 massive dross at edge of specimen 8,900 466,200 
-6 sand hole 4% in. x & in. deep 


at edge of specimen 9,060 241,400 
-7 sand hole 4 in. x & in. at 
center of test specimen 9,040 1,401,100 


L-2216-8 ribbon-shaped dross 34 in. long 
at center of specimen 
(transverse) 9,110 302,300 
-9 ribbon-shaped dross 34 in. long 
at center of specimen 
(longitudinal) 8,900 3,710,700 
L-2246-14 large sand hole at edge of 
specimen repaired by welding 9,310 1,687,800 
-15 large sand hole at edge of 


specimen 8,970 610,600 

L-2257-5 aluminum strip 34 in. wide at 
center of specimen (transverse) 14,930 24,500 

-6 aluminum strip 34 in. wide at 
center of specimen (transverse) 12,430 177,000 


-8 aluminum strip 34 in. wide at 
center of specimen (transverse) 10,000 838,800 
-1] aluminum strip 34 in. wide at 
center of specimen (transverse) 8,210 3,994,200 
L-2216-11 aluminum strip 34 in. wide at 
center of specimen (longitudinal) 8,940 5,658,700 
C-183-1 weld 11% in. long by 3% in. wide 
at edge of specimen, heat-treated 
after welding 15,230 176,400 
-2 weld 1) in. long by % in. wide 
at edge of specimen, heat-treated 
after welding 9,830 1,029,400 
-3 weld 1% in. long by % in. wide 
at edge of specimen, heat-treated 
after welding 7,990 1,065,400 
-4 weld 1 in. long by 3% in. wide 
at edge of specimen, heat-treated 
after welding 7,160 98,847,500 
-5 weld 1% in. long by % in. wide 
at edge of specimen, heat-treated 
after welding 7,510 2,615,200 
-6 weld 1 in. long by 3% in. wide 
at edge of specimen, heat-treated 
after welding 7,970 19,441,500 
C-185-2 weld 114 in. diam at center of 
specimen, heat-treated after 
welding 15,020 178,600 
-8 weld 114 in. diam at center of 
specimen, heat-treated after 
welding 9,740 1,054,500 
-4 weld 11% in. diam at center of 
specimen, heat-treated after 
welding 7,900 790,300 
-5 weld 114 in. diam at center of 
specimen, heat-treated after 
welding 6,910 661,500 
-6 weld 114 in. diam at center of 
specimen, heat-treated after 
welding 5,950 44,568,700* 
-7 weld 114 in, diam at center of 
specimen, heat-treated after 
welding 7,450 56,167,400* 
-8 weld 114 in. diam at center of 
specimen, heat-treated after 
welding 7,940 1,036,200 
(Data from Tables I and IV of NACA TN 1464 by Howell, 
Stickley and Lyst, “Effects of Surface Finish, of Certain De- 
fects, and of Repair of Defects by Welding on Fatigue Strength 
of 355-T6 Sand-Castings and Effects of Prior Fatigue Stressing 
on Tensile Properties.” 
* No failure, test arbitrarily stopped. 
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Fig. 1 1—Coupons used in grading 0.300-in. diam speci- 
mens for visual porosity ratings. A—Little; B—Slight; 
C—Medium; D—Appreciable; E—Heavy. 


in. diam specimens machined from the butt ends of 
plate-type specimens which have various amounts of 
porosity greater than normally encountered. The 
porosity ratings were based on visual observation of 
the machined surfaces of the specimens by compari- 
son with the surfaces of the coupons shown in Fig. 11. 

Study of the data in Fig. 10 shows that visual poros- 
ity grading does not give a consistent grading of 
fatigue strengths. It can be seen that some of the 
specimens having the greatest degree of porosity de- 
veloped some of the longest lives and some of the 
specimens having a slight-porosity rating, which is 
classed as the next to the least porosity, developed 
some of the shortest lives. Included in Fig. 10 is the 
band shown in Fig. 7 for round specimens machined 
from separately-cast .test bars and plate-type speci- 
mens. It is probable that the scatter of data points 
outside the band reflects the greater number of tests 
made rather than a real difference in the quality of 
the castings. 

Table 1 describes a number of plate-type specimens 
in which defects were deliberately placed. Results of 
the fatigue tests are shown in Figs. 12, 13 and 14. In 
general, the effects of these deliberate defects appear 
to be uncertain. It appears that sand holes and 
massive dross at an edge are harmful, whereas similar 
defects near the center do not seem to affect the 
strength adversely. Dross in the form of a transverse 
film also appears to have a detrimental effect, whereas 
the effects of a longitudinal film are unnoticeable. 

Although three data points in Fig. 13 for specimens 
with repair welds at the center are below the band 
from Fig. 8, there are four data points for similar 
specimens within the band. Similarly, welds along 
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Fig. 15—Fatigue failure of specimen w. 
at edge. 
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Fig. 16—Fatigue failure of specimen with repair weld 
at center of test section. 


Fig. 17—Fatigue failure of specimen with repair weld at 
edge of test section. 





Fig. 18—Fatigue failures of specimens with intentional 
defects. Top—Ribbon-shaped dross (transverse). Below 
—Cast-in aluminum strip (transverse ). 


the edge may or may not be harmful. As shown in 


Fig. 14, an internally contained transverse aluminum 


alloy strip seems to have no effect for stresses less 
than about 12,000 psi, but there is one data point 
below the band at a stress of 15,000 psi. The data 








Fig. 20—Conditions of open hole in monobloc sand-cast 

specimens. Left—Cored hole reamed 14,4 in. larger. 

Center—Cored hole with as-cast surfaces. Right—Boss 
removed and hole drilled. 


points for specimens having 2.4 per cent voids in the 
form of gas porosity lie in the lower half of the band. 
The failures of some of these specimens are shown in 
Figs. 15 to 18 inclusive. 
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Open holes, as well as the condition at the edge of 
the hole, are known to represent a source of stress 
concentration in an elastic body. Figure 19 shows 
data for specimens with: 

(a) plain cored hole with as-cast surface and rim, 

(b) reamed hole with machined surface and as-cast 

rim, 

(c) reamed hole with machined surface and rim. 

These three edge conditions are shown in Fig. 20. 
This last condition (c) was obtained by machining 
away a l4-in.-high boss on each face of the specimen 
before drilling the hole. It is seen in Fig. 19 that there 
is about 10 per cent difference in the static strengths 
of specimens with cored and fully machined holes, 
but there is no practical difference in the fatigue 
strengths of specimens with the three types of holes. 

Although the specimens described herein were all 
of alloy 355-T6, it is reasonable to believe that con- 
clusions drawn from the data apply also to other 
aluminum casting alloys. This thought is supported 
by data from rotating-beam fatigue tests presented by 
Templin, Howell and Lyst.* Figure 2la from that 
paper shows the results of nearly 800 tests on smooth 
specimens machined from separately-cast test bars. 
For large numbers of cycles, the data points fall with- 
in a rather narrow band in spite of the fact that the 
static tensile strengths of the alloys range from 18,000 
psi to 48,000 psi. Figure 21b shows similar data from 


*R. L. Templin, F. M. Howell and J. O. Lyst, “Fatigue 
Properties of Cast Aluminum Alloys,” Product Engineering, 
vol. 23, no. 5, May 1952, pp. 119-123. 


500 tests on specimens containing a 60-degree V-notch. 
It should be noted that the width of this band de- 
creases with an increase in the number of cycles to 
failure. 

The bands shown in Fig. 21 are the composites of a 
number of individual bands drawn to represent vari- 
ous alloys or tempers. The endurance limits, defined 
as the average fatigue strength at 500,000,000 cycles 
for the individual bands for each temper, lie in the 
range from 8,000 to 11,009 (9,500 +1,500) psi for 
smooth specimens, and in the range from 6,000 to 
8,000 (7,000 + 1,000) psi for specimens with a 60- 
degree V-notch. The composite band of fatigue 
strengths for notched specimens is lower than that for 
smooth specimens, as might be expected. 

The data and discussion presented above can be 
summarized as follows: 

1. The fatigue strength of plate-type specimens is 
generally less than that of small “metallurgical-type” 
specimens machined from separately-cast test bars or 
from the butt ends of the plate-type specimens. At 
25,000,000 cycles, the fatigue strengths, as determined 
by the media of the bands of data, are 6,600 psi and 
8,700 psi respectively. 

2. It appears that the discontinuities, such as gas 
porosity, sand holes and dross inclusions, ordinarily 
encountered in commercial aluminum alloy sand cast- 
ings have no significant effect on the fatigue strength. 

3. Transverse metallic, and large dross inclusions 
detract slightly from the fatigue strength of otherwise 
commercially-sound aluminum alloy sand castings. 
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4. The effects of sand holes depend on their size 
and location; they reduce the fatigue strength when 
located at an edge. 

5. The effect of repairing a casting by welding de- 
pends on the size and location of the area affected. It 
appears that the fatigue strength of a casting with 
sand holes at an edge can be increased by filling the 
holes with weld metal. 
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DISCUSSION 


Chairman: D. L. LAVELLE, American Smelting & Refining Co., 
South Plainfield, N. J. 

Co-Chairman and Secretary; F. P. SrRmTER, The Dow Chem- 
ical Co., Midland, Mich. 

W. A. Maver (Written Discussion):' Mr. Holt is to be con- 
gratulated on the excellent preparation of his paper and the 
completeness of his data on fatigue strength properties. The 
conclusions presented in his paper should answer most of the 
questions design engineers, quality control engineers, inspection 
departments, and foundrymen ask regarding the effect of casting 
discontinuites on fatigue strength properties. 

I feel that Mr. Holt’s plate specimen probably gives the best 
indication of fatigue strength properties in a representative 
casting section since most castings incorporate this type of 
design. 

The writer has had the dubious privilege of examining con- 
siderable failures of castings in fatigue, particularly when he 
was connected with a large aircraft engine manufacturer. Most 
of the casting failures were traceable to two principal factors: 

(1) Errors in design 
(2) Errors in machining. 

Errors in design were generally due to failure to follow the 
rules of design for light metal castings so ably presented by 
W. T. Bean, Jr. in his paper “Simplification of Light Metal 
Casting Design and its Effect on Serviceability” as presented in 
vol. 55 of the American Foundrymen’s Society TRANSACTIONS. 
The most common design error is failure to provide adequate 
fillets at casting section changes in wall thickness and direction. 
If the design engineer can be educated to consult the foundry- 
man, and if the foundryman will be willing to assist him, these 
errors will be reduced. 

Failures due to errors in machining were generally caused 
by notches placed in the casting at points of high stress con- 
centration by machining operations such as rough finish, 
removal of fillets, etc. 

Relatively few casting failures were directly attributed to 
casting defects. In some cases failures were attributed to cast- 
ing discontinuities when actual causes were either faulty design 
or machining, and further failures were reduced by correcting 
the design or method of machining. 

Mr. Holt’s paper indicates that of all the casting discontinuities 
those discontinuities or defects that tend to form notches at 
points of high stress concentration are the most serious espe- 
cially when they are located at or near a casting edge. This 
is also confirmed by actual service failures. It will be noted 
that he has proved that repairing of these notches by good 
quality welds will increase fatigue life. This procedure is often 
discouraged by engineers, quality and inspection departments, 
and thoroughly useable castings are often rejected. Educa- 
tion and cooperation again is required in order to remedy 
this situation. 

Finally, Mr. Holt’s paper lays at rest the ghost of dissolved 
gas or pinhole porosity. How many aluminum castings have 
customers scrapped because of pinhole porosity? These castings 
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are generally scrapped solely on appearance with conjectures 
as to the supposedly detrimental effect of the pinholes on tensile 
strength, yield strength, fatigue strength, elongation, and all 
other properties. Mr. Holt’s paper indicates that a customer 
errs in rejecting pinholed castings on this basis. Service failures 
confirm his results as far as the writer has been able to ascer- 
tain. 

Mr. Holt’s paper is certainly of value and if this information 
can be passed along to the engineers, quality control and inspec- 
tion departments, it may help to ease the foundryman’s burden. 

WALTER Bonsack (Written Discussion):* The author should 
be congratulated for his work and the clear presentation of 
the data obtained in his tests. Since the test results speak for 
themselves and convincingly and logically present facts, I cannot 
find a detracting criticism. Having no experience with flat 
specimen or even round specimen with purposely created de- 
fects I cannot add to it. I can only say that the author's con- 
clusion appears sound to me. 

I only hope that this paper is brought forcefully to the 
attention of designing engineers and those who set up x-ray 
acceptance standards of castings. Many a casting which is re- 
jected today because of some defects in some areas may be 
saved, if the location and the nature of the defects were proper- 
ly analyzed and defined and their affect on the serviceability 
recognized. It would be a wonderful supplement to this paper 
if some x-ray photographs of the defective castings (plates) 
which were tested were also shown. Would it still be possible to 
add such illustrations? 

CHAIRMAN LAVELLE: Perhaps with the results shown in this 
paper, some of the stringent property requirements should be 
relaxed. The appearance of the fractures was similar to tensile 
fractures. Did you not obtain the familiar “sun burst” pattern 
of the failures? 

Mr. Hott: The “sun burst” pattern was apparent on all of 
the fractured surfaces. 

J. D. Rosinson:* Was the locus of the failure in the welded 
specimens related in any way to the heat-affected zone? 

Mr. Hor: Since the specimens repaired by welding were 
reheat-treated, it would be expected that the heat-affected zone 
would be erased. In the case of the specimens with the weld 
at the edge, the test records show that two failures passed 
through the welds, two adjacent to the welds and two did 
not involve the weld at all. In the case of the specimens with 
the weld at the center, two of the failures passed through the 
weld, two at the edge of the weld, one did not involve the 
weld at all and two specimens did not fail. 

Mr. Ho rt (Author’s Closure): The author thanks Messrs. Bon- 
sack and Mader for their interest in the paper and for their 
comments. If the paper calls certain information to the atten- 
tion of designers and quality control engineers, it will have 
served its primary purpose. 

Mr. Bonsack’s suggestion of including x-ray photographs cannot 
be followed because the x-ray films are no longer available. 
The following comments taken from the description of the 
films may be of interest. 

Specimens 6, 7, 12 and 13 from lot no. L-2214 (not used 
in the paper) were described as having “heavy porosity” and 
the data points for these specimens lie within the two groups 
of data in Fig. 9. In other words, the effects of “heavy porosity” 
seem to lie between those of 0.7 per cent and 2.4 per cent 
porosity. 

The repair welds in specimens 1, 2, 3, 5 and 6 of lot no. 
C183 (see Table 1) are described as “good” welds whereas that 
in specimen no. 4 is described as “fair.” It will be noticed 
in Fig. 13 that the data point for specimen no. 4 lies on the 
upper edge of the band. Similarly the data points for speci- 
mens 3 and 7 of lot no. C185, which had “fair” repair welds, 
lie higher in the band in Fig. 13 than the data points for speci- 
mens with “good” welds. 

The fact that some of these findings appear to be paradoxical 
should attract the attention of other investigators to this in- 
teresting problem. 


1 Chief Metallurgist, Oberdorfer Foundries, Inc., Syracuse, N. Y. 
2 Consultant, Los Angeles, Calif. 
8 Bendix Aviation Corp., South Bend, Ind. 














EXPENDABLE MOLDS FOR 
TITANIUM CASTINGS 


By 


R. M. Lang, J. Gissy, G. H. Schippereit, and J. G. Kura* 


ABSTRACT 

Shell molds composed of refractory oxides such as zircon, 
zirconia, alumina, or magnesia were evaluated as mold materials 
for titanium castings. Various chemicals were added to the 
shell molds to determine their effect as inhibitors of mold 
reaction. Shell molds were also prepared from graphite. 

Titanium step castings were made in these molds to determine 
the effect of section size on surface finish and pinholing. All 
of the castings were prepared in a tilting, skull-melting arc 
furnace. 

Castings made in a graphite shell mold had the best surface 
finish and the least amount of surface contamination. 

Introduction 

An ideal mold material for titanium would be one 
which is inexpensive, easy to form into molds, and 
inert to molten titanium. Previous work! had shown 
that molds machined from graphite were practically 
inert to molten titanium. These molds, however, 
were expensive to make, caused chill defects on the 
surface of the castings, and had a short life. After they 
have been used ten or fifteen times, such molds of 
simple design were badly cracked and spalled.? Those 
of more complicated design cracked the first time in 
use from compression stresses created by shrinkage of 
the casting. 

Although refractory oxide shell molds were rela- 
tively inexpensive and easy to make, they were not 
inert to molten titanium.! All titanium castings made 
in refractory oxide shell molds showed evidence of 
mold reaction. Mold reaction caused the surfaces of 
the castings to be rough and full of pinholes. 

The objectives of the research conducted since the 
earlier investigation were (1) to reduce mold reaction 
in refractory oxide shell molds by adding chemicals 
to the materials to inhibit mold reaction, and (2) to 
develop expendable graphite shell molds which had 
the same inertness to mold reaction as the molds of 
machined graphite. 

Mold Materials—To produce smooth surfaces on 
titanium castings, it was necessary, as would be ex- 
pected, to use refractory oxides which had a fine par- 
ticle size. The refractories used ranged between 100 
to 160 in AFS fineness numbers. Rammed molds from 
this fine material were unsuited because of their low 





* Principal Metallurgist, Principal Chemical Engineer, Assist- 
ant Chief, and Chief, respectively, Nonferrous Metallurgy Divi- 
sion, Battelle Memorial Institute, Columbus, Ohio. 
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permeability which contributed to the formation of 
blows in the titanium castings. Consequently, shell 
molds having a high permeability were employed to 
evaluate mold materials. Phenol-formaldehyde resin 
was used exclusively as the binder. The screen anal- 
yses of the various refractories used in shell molds 
are given in Table ]. 


TABLE 1—-SCREEN ANALYSES OF REFRACTORIES USED 
IN SHELL MOLps FoR TITANIUM CASTINGS 





Amount on Screen, weight per cent 








Screen Fused Fused 
Size Silica Zircon Zirconia Alumina Graphite 
70 one — 3.6 came 0.9 
100 6.7 2.6 15.5 2.1 45.0 
140 43.2 30.7 30.8 35.1 29.1 
200 33.8 55.7 30.2 31.9 19.6 
270 11.2 10.4 16.8 16.8 5.1 
Fines 5.1 0.6 8.1 14.1 0.3 
(AFS 
(Fineness 
(No. 131 132 129 156 100 





Silica and zircon were selected for evaluation be- 
cause they provided a base point for evaluating other 
materials. Furthermore, they are inexpensive and 
readily available in the desired range of particle sizes. 
Electrically-fused zirconia and electrically-fused alu- 
mina were also evaluated because thermodynamic 
calculations indicated they would be more stable than 
silica and zircon when in contact with molten titan- 
ium. However, zirconia and alumina are expensive 
and zirconia had to be screened to obtain the desired 
particle-size distribution. The calculated costs of re- 
fractories for shell molds made from these materials 
are compared in Table 2. 


TABLE 2—-CALCULATED Cost OF REFRACTORY IN SHELI. 
Mo ps FOR A CERTAIN 1-LB TITANIUM CASTING 








Refractory Cost, cents 
Silica 0.4 
Zircon 2.6 
Graphite 3.8 
Alumina 8.8 
Zirconia 39.2 























Fig. 1—Rectangular step casting designed for evaluation 
of mold materials for titanium. 


Ail of the mold materials except graphite were 
tested with and without chemicals incorporated in 
them to inhibit mold reaction. The chemicals used 
were the silicofluorides of ammonium, potassium, 
sodium, and magnesium, and the borofluorides of 
ammonium and potassium. No mold washes were 
used because previous work! had shown that they 
were unsuited for titanium castings with section thick- 
nesses greater than 14 inch. 

Casting Design—The test casting was a rectangular 
step bar of the design shown in Fig. 1. The mass of 
the different section thicknesses of the test casting 
made it possible to evaluate the effectiveness of each 
chemical inhibitor in reducing mold reaction. The 
effectiveness of each inhibitor was judged on the 
basis of surface finish and amount of pinholing in 
titanium castings. 

Method of Casting Titanium—aAll castings were 
made in a tilting, skull-melting arc furnace? of the 
design shown in Fig. 2. The crucible is a titanium 
metal skull which can be used repeatedly if care is 
taken to prevent contamination during melting and 
pouring. 

A vacuum was applied to the mpld chamber when 
the castings were poured to prevent mold gases from 
contaminating the skull. It was applied just before 
the furnace was tilted by opening a quick-acting valve 
connected to a vacuum reservoir. Using this tech- 
nique, titanium castings with a hardness of 150 Bri- 
nell were made, an indication that there was little 
contamination. The same lot of sponge titanium 
melted in a conventional cold-mold, arc furnace had a 
hardness of 143 Brinell. 

Selection of Chemical Inhibitors — Earlier work! 
showed that graphite-washed refractory oxide shell 
molds and molds containing no inhibitors were un- 
suited for making titanium castings of thicknesses 
greater than 14 in. When cast in these molds, sec- 
tions of the castings of greater thickness than 14 in. 
had rough surfaces that were full of pinholes. Because 
chemical inhibitors such as the silicofluorides and 
borofluorides effectively reduced mold reaction in 
magnesium castings,® they were tried as mold addi- 
tions for reducing mold reaction in titanium castings. 

In preliminary screening of chemical inhibitors for 
this purpose, zircon was used as the base molding 
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Fig. 2—Schematic drawing of tilting arc-melting furnace 
designed to pour two castings. 


material because results with it were fairly consistent. 
The shell-molding mixtures to which the chemical in- 
hibitors were added consisted of 97 weight per cent 
zircon and 3 weight per cent phenol-formaldehyde 
resin. Various amounts of each inhibitor were added 
to molding mixtures to determine their effect on mold 
reaction. 

Tests conducted with potassium borofluoride and 
ammonium silicofluoride ‘as inhibitors indicated that 
amounts under | weight per cent were effective, but 
that amounts in excess of 1 weight per cent were not 
effective in improving the surface finish of the cast- 
ings. In fact, castings made in shell molds containing 
5 per cent of the inhibitor were subject to consider- 





1% KBF, 2% KBF, 5% KBF, 


Fig. 3—Effect of increasing amounts of potassium boro- 
fluoride in mold mixture on pinholing of titanium cast in 
zircon shell molds. 
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Fig. 4—Effect of various chemical inhibitors in mold mix- 
ture on surface finish and pinholing of titanium cast in 
zircon shell molds. 


able pinholing. For these inhibitors, the optimum 
amount for use in zircon shell molds appeared to be 
| per cent. The effect of increasing amounts of potas- 
sium borofluoride in the mold mixture on the surface 
finish of titanium castings is shown in Fig. 3. 

In tests conducted with zircon shell molds on other 
inhibitors, the silicofluorides reduced mold reaction 
more effectively than did the borofluorides. Ammon- 
ium and magnesium silicofluoride, on the other hand, 
were most effective while sodium silicofluoride was 
least effective. Sodium silicofluoride appeared to in- 
crease the amount of pinholing. Figures 4 and 5 illus- 
trate the effect of various inhibitors on the surface 
finish of titanium cast in zircon shell molds. 

Effect of Inhibitors on Shell Molds of Silica, Alum- 
ina, and Zirconia—Because ammonium and magnes- 
ium silicofluoride appeared to be effective in reducing 
mold reaction in zircon shell molds, they were also 
used in shell molds of silica, alumina, and zirconia 
prepared in the same manner as the molds of zircon. 
The amount of inhibitor in the alumina and zirconia 
shell molds was limited to ¥% weight per cent, if the 
formation of large, irregular voids on the surface of 
the castings was to be avoided. 

Castings with excellent surface finish and the least 
amount of pinholing were obtained with alumina 
shell molds containing 14 weight per cent magnesium 
silicofluoride. These castings had very few pinholes 
and good surface finish on all sections up to 2 in. 
thick. Sections up to 4 in. thick were completely 
free of pinholes. 

Although there were no pinholes on the 14-in. sec- 
tions of castings made in zircon shell molds contain- 
ing ammonium or magnesium silicofluoride inhibi- 
tors, the larger sections had more pinholes than in 
castings from alumina or zirconia shell molds. The 
surface finish on thick sections of castings from zir- 
conia molds, with or without an inhibitor, was su- 
perior to that on thick sections of, castings from zir- 
con molds containing inhibitors. However, some cast- 
ings from zirconia mold had pinholes on the 14-in. 
section for reasons which were not known. 

Castings from silica shell molds containing inhibi- 
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TABLE 3—EVALUATION OF REFRACTORY OXIDE SHELL 
MOLps WITH RESPECT TO APPEARANCE 
oF Cast TITANIUM 





Appearance of Casting 








Max. 
Section 
Added Inhibitor Scale Free 
POEL 3. te of Pin- 
Mold Amount, ~ “Thick- Surface holes, 
Material Chemical % Adherence  ness* Finish? in. — 
Zircon None — Loose Thick VA \% 
Zircon KBF, l Loose Thick % A 
Zircon KBF, 2 Loose Thick VA \% 
Zircon KBF, 5 Tight Thick \% — 
Zircon NH,BF, l Tight Thin VA \% 
Zircon (NH,).SiF, l Loose Thin Vy % 
Zircon (NH,).SiF, 2 Loose Thin \Y% \% 
Zircon K.SiF, l Tight Thick ly % 
Zircon Na,SiF, l Tight Thick \ Y 
Zircon MgSiF, l Loose Thin \% \% 
Alumina None — Tight Thin Vy % 
Alumina (NH,)SiF,, % Loose Thin Vy VA 
Alumina MgSiF, \% Loose Thin VY i, 
Zirconia None — Tight Thick 4 \ 
Zirconia (NH,)SiF,. % Tight Thick Vy \% 
Zirconia MgSiF, \% Tight Thick \%y A 
Silica None — Loose Thick \% ly 
Silica (NH,),SiF, 1 Loose Thick \% A 
Silica MgSiF, l Loose Thick \% % 


Thick indicates greater than lg, in. and thin indicates less 
than 1, in. 

* Maximum section size with a surface finish equivalent to that 
of a \4g-in. section cast in a zircon shell mold. 





tors had better surface finish and less pinholing than 
those from silica molds containing no inhibitors. Only 
the 14-in. sections of castings from silica shell molds 
with inhibitors were free of pinholes. 

In general, castings from refractory oxide shell 
molds containing inhibitors had better surface finish 
and less pinholing than castings made in molds of 
the same molding material but coated with a graphite 
wash.! None of the molds completely eliminated pin- 
holing in cast sections thicker than l4-in. On the 
other hand, a zirconium oxychloride wash‘ on silica 
or zircon shell molds eliminated pinholing on 1-in. 
sections. The larger sections of these castings, how- 
ever, had more pinholes than did similar sections cast 
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Fig. 5—Effect of various chemical inhibitors in mold mix- 

ture on surface finish and pinholing of titanium cast in 
zircon shell molds. 
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Fig. 6—-Effect of chemical inhibitors in mold mixture on 


surface finish and pinholing of titanium cast in alumina 
shell molds. 
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in shell molds containing optimum amounts of in- 
hibitor. 

Photographs of castings made in alumina and zir- 
conia shell molds are shown in Figs. 6 and 7. Castings 
from silica shell molds were not shown because of 
their similar appearance to castings made in zircon. 
A summary of results obtained on all titanium cast- 
ings prepared in refractory oxide shell molds is given 
in Table 3. 

Graphite Shell Molds—Investigation of the surface 
contamination of titanium castings showed that all 
castings made in refractory oxide molds were contam- 
inated to a depth of 0.035 to 0.055 in.,® whereas cast- 
ings made in machined graphite molds had very little 
surface contamination.® Based on this observation, 
graphite shell molds, if they could be made, should 
prove less reactive to molten titanium than shell 
molds of refractory oxides. 

In an endeavor to develop graphite shell molds 
with adequate strength, it was demonstrated that a 
dense, granular graphite from which all of the fines 
had been removed was required. To develop satis- 
factory bonding, it was necessary to increase the resin 
content of the shell-molding mix to 12 weight per 
cent. The best graphite shell molds were prepared 
from a mixture of properly sized graphite particles 
and 12 weight per cent phenol-formaldehyde resin, 
with just enough kerosene added to prevent dusting. 
The screen analysis of the graphite may be found in 
Table 1. 

Titanium castings from graphite shell molds had 
good surface finish on section thicknesses up to and 
including 2 in. None of the sections showed pinhol- 
ing and only a thin, loose scale appeared on the sur- 
face of the castings. These castings had better over- 
all surface finish than any titanium castings made 
thus far in expendable molds. They had no defects 
from rapid chilling as was the case with castings from 
machined graphite molds. Some of the castings, how- 
ever, showed surface contamination which probably 
originated from the resin binder. A photograph of a 
casting made in a graphite shell mold is shown in 
Fig. 8. 

Casting Contamination — Several titanium castings 
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Fig. 7—Effect of chemical inhibitors in mold mixture on 
surface finish and pinholing of titanium cast in zirconia 

shell molds. 


were analyzed for carbon, hydrogen, oxygen, and 
nitrogen content in an attempt to determine which 
of these elements may be responsible for surface con- 
tamination. Samples for chemical analysis were taken 
from the center and surface of the 1-in. section of a 
casting from zircon shell mold containing 1 weight 
per cent ammonium silicofluoride, as well as from a 
casting from a machined graphite mold. The results 
of these analyses are shown in Table 4. 

They show that considerable amounts of hydrogen 
were picked up, particularly at the surface of the cast- 
ings. Hydrogen contamination was greatest in the 
casting made in the zircon shell mold. This increase 
in hydrogen was believed to come from the resin 
binder and the chemical inhibitor in the mold, Con- 


Fig. 8 — Titanium 
casting made in a 
graphite shell mold. 
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TABLE 4—-CHEMICAL ANALYSES OF 1-IN.-THICK SEC- 
TIONS OF CAst TITANIUM COMPARED WITH TYPICAL 
ANALYSES OF ARC-MELTED TITANIUM INGOT 





Impurity, weight per cent 
Location P ) es 
of Hydro- Oxy- 


Sample Carbon’ gen gen Nitrogen 





Type of Mold 


Arc-melted ingot 0.02- 0.006- 0.12- 0.02- 
0.04 0.007 0.15 0.03 
Zircon+-1 weight per Surface 0.06 0.029% 0.15% 0.020 
cent (NH,).SiF, Center 0.06 0.016 0.12 0.021 
Machined graphite Surface 0.08 0.016? — —_— 
Center 0.05 0.012 — — 
+ Samples were taken at a maximum depth of 1% in. from 
the surface. 
* Samples were taken at a maximum depth of 14g in. from 
the surface. 
‘Sample was taken 0.010-0.070 in. below the surface. 








tamination from the other elements was about the 
same in the castings as it was in an ingot arc melted 
in a water-cooled copper crucible. 


Pickling to Remove Surface Contamination — All 
of the expendable mold materials used were shown 
to contaminate the surface of the titanium castings. 
Such contaminated surfaces were hard and brittle, 
and decreased the ductility of the castings consider- 
ably.> They were also difficult to machine. Because of 
their deleterious effects, studies were conducted to 
remove the contaminated surfaces by acid pickling. 

The pickling solution which eventually was found 
to be successful contained 50 per cent of sulfuric acid 
and 25 grams of ammonium bifluoride per liter. To 
prevent pitting, the solution had to be agitated dur- 
ing pickling. By following this procedure, the con- 
taminated layer could be removed successfully with- 
out loss of detail or detriment to the surface finish. 
The degree of surface contamination and section 
thickness had no effect on the rate of metal removal. 
It should be possible, therefore, to remove the con- 
taminated surfaces of complicated castings by pickling 
without a serious change in their relative shape. 

The rate of metal removed was affected by the tem- 
perature of the pickling solution. At 95 F, the pickling 
rate on a surface was 9.009 in. per hr; at 120 F, it was 
0.015 in. per hr. Results of the pickling tests con- 
ducted at 95 F were as follows: 





Metal Removed From One Surface, in. 








Pickling Section Thickness, in. 

rime, aa 

min \% i \% 1 1% 
asi, 0.013 0.012 0013 0013 0.012 


70 0.010 0.010 0.008 0.008 0.010 





On the basis of these results, it was possible by pick- 
ling the surface to produce titanium castings free of 
surface contamination and, at the same time, have 
good surface finish and sharp detail. Photographs of 
a titanium casting, before and after pickling, are 
shown in Fig. 9. 


Conclusions 


Graphite shell molds were the most satisfactory 
expendable molds developed thus far for casting titan- 
ium. Good surface finish and complete freedom from 
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pinholes were obtained on section thickness up to 
and including 2 in. All such castings, however, had 
surface layers of contaminated metal. 

Titanium castings made in various refractory oxide 
shell molds showed pinholing. The use of chemical 
inhibitors in the mold mixtures reduced but did 
not eliminate pinholing. Castings made in an alumina 
shell mold containing 14 weight per cent magnesium 
silicofluoride were of superior surface finish and 
showed less pinholing than those made in either silica, 
zircon, or zirconia shell molds. The use of inhibitors 
in alumina shell molds, however, did not prevent 
the occurrence of pinholes on cast sections thicker 
than 4 in. Ammonium and magnesium silicofluoride 
as an inhibitor was most effective in reducing mold 
reaction. In quantities above 1 weight per cent in the 
mold mixture, the inhibitors were detrimental to 
surface finish of the castings. ' 

All of the molds used contaminated the surface of 
titanium castings to some degree. Chemical analyses 
showed that even those castings made in machined 
graphite molds were contaminated to some extent by 
carbon and hydrogen. It was shown that the con- 
taminated layer can be removed without loss of detail 
or adversely affecting the surface finish on castings 
by pickling in 50 per cent sulfuric acid containing 
25 grams of ammonium bifluoride per liter of solu- 
tion. 
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the authors on their investigation of mold materials for titanium 
castings. We can appreciate their extremely difficult task since 
we at Armour Research Foundation have been investigating 
the casting of titanium for the past two and one-half years. 

The conclusion that graphite shell molds are the most satis- 
factory mold material developed thus far for casting titanium 
seems to agree with our results. We have used graphite im 
sand mixes and on shell molds. In the latter case, a heavy 
layer of graphite wash applied to the surface of the zircon shell 
mold produced smooth finishes on titanium castings. However, 
the thicknesses of the castings were 14 in. or less. 

In maintaining a vacuum inside the mold cavity prior to 
pouring, you have minimized gas pick-up. We used an argon 
atmesphere in our graphite-coated zircon shell molds. The 
castings had few, if any, pitted areas when good gating tech- 
niques were used. However, gas entrapment in the casting 
was not completely eliminated. The use of a vacuum inside 
the mold may solve this problem. 


1 Assistant Metallurgist, Armour Research Foundation, Chicago 














SURFACE CONTAMINATION 


AND BEND DUCTILITY 


OF TITANIUM CASTINGS 


By 


J. L. Gissy, R. M. Lang, G. H. Schippereit, and J. G. Kura* 


Introduction 


Prior research!;? on casting of titanium estab- 
lished that refractory oxide molds produced a con- 
taminated surface layer on the casting. The work 
described in this paper was undertaken to determine 
(1) the depth and degree of surface contamination, 
and (2) the effect of surface contamination on the 
bend ductility of cast titanium. 

The titanium castings were made in either zircon 
shell molds, graphite shell molds, or machined 
graphite molds. Several of the zircon shell molds 
contained chemical inhibitors. All of the melts were 
prepared in a tilting, skull-melting arc furnace.’ * 
When Du Pont Process “A” titanium sponge was 
used as melting stock, castings with a base hardness of 
150 to 165 Brinell were obtained.? 

Knoop hardness traverses and bend-test specimens 
were obtained on each section thickness of the cast- 
ings. Various amounts of the as-cast surface metal 
were removed from the bend specimens to determine 
the effect of degree of contamination on bend 
ductility. 

Casting Design. The casting design used in this 
investigation was a rectangular step bar containing 
a 4- and a l-in. step. Each step had a surface 2 in. 
square to provide a number of bend specimens. A 
photograph of a typical casting is shown in Fig. 1. 
This design was chosen to show the effect of section 
size on the extent of surface contamination and the 
effect of this contamination on bend ductility, 


Mold Materials. The mold materials investigated 
were zircon and graphite in the form of shell molds 
and machined graphite. The shell molds were heated 
in air for 1 hr at 450 F and the machined graphite 
mold was buried in graphite powder and heated for 
1 hr at 1800 F prior ,to casting. All of the molds 
were at room temperature at the time of pouring. 
Several of the zircon shell molds contained either 
ammonium or potassium silicofluoride. These chemi- 


*Principal Chemical Engineer, Principal Metallurgist, Assist- 
ant Chief, and Chief, respectively, Nonferrous Metallurgy 
Division, Battelle Memorial Institute, Columbus, Ohio. 
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cal compounds were used because it was found that 
they were effective in improving the surface finish 
of titanium castings.* Castings made in the machined 
graphite mold served as a basis for evaluating the 
effect of surface contamination on the bend ductility 
of cast titanium. Some data on the formulation of 
the shell molds are presented in Table 1. 





Fig. 1—Photo of typical step casting design used in this 
study. 








524 SURFACE CONTAMINATION AND BEND DUCITILITY OF TITANIUM CASTINGS 








TABLE 1—-Mo.ps UseEp IN PREPARING 
‘TITANIUM CASTINGS 
AFS Amount of Chemical 
Mold Mold Fineness Resin Binder, Inhibitor 
No. Material Number % % 
l Machined graphite 
2 Zircon shell 132 3 
3 Zircon shell 132 3 l 
(NH,),SiF, 
4 Zircon shell 132 3 l 
K,SiF, 
5 Graphite shell 100 12 - 





Surface Contamination. The depth and degree of 
surface contamination was determined by making 
Knoop hardness traverses on the two different sec- 
tion thicknesses of the castings. In all cases, the cast- 
ings were harder on the surface and the hardness de- 
creased toward the center. The depth of contamina- 
tion was defined in this work as that distance beneath 
the cast surface at which the hardness became equal 
to the hardness at the center of the casting. The de- 
gree of contamination was defined as the actual 
increase in hardness caused by contamination from 
the mold material. 

The depth and degree of surface contamination at 
any particular location in the smaller section of the 
casting was dependent upon its distance from the 
larger section. Hardness traverses on the 14-in. step 
at the juncture to the l-in. step showed the exist- 
ence of a greater degree and depth of surface con- 
tamination in that area than in the areas further 
removed from the heavier section. The degree of 
contamination in the 14-in. step at the juncture was 
almost the same as that in the l-in. step. The effect 
of the juncture on depth and degree of contamina- 
tion is illustrated in Fig. 2. 

Because of the variation in surface hardness at 
different locations in a given section thickness, the 
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Fig. 2—Degree and depth of surface contamination at 
juncture of sections of unequal mass. 
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Fig. 3—Depth and degrees of surface contamination on 
14-in. section of titanium castings made in different mold 
materials. 
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Fig. 4—Depth and degree of surface contamination on 
1-in. section of titanium castings made in different mold 
materials. 


average of traverses made at three different locations 
was selected to represent the condition of each section. 
These three locations were 4, 1, and 114 in. from 
the adjoining heavier section. 

Figure 3 shows the depth and degree of surface con- 
tamination for the 14-in. titanium section cast in the 
various mold materials. The same information for 
a l-in. section is shown in Fig. 4. Since the base 
hardness was different for the various castings, the 
hardness increase instead of the actual hardness was 
used. The base hardness of the castings ranged from 
150 to 187 Brinell. 

Hardness traverses on titanium cast in oxide shell 
molds revealed that the 14-in. sections were contami- 
nated to a depth of about 0.035 in. The depth of con- 
tamination of the l-in. sections was 0.040 to 0.055 in., 
and the degree of contamination was considerably 
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greater than in the 14-in. sections. Castings made in 
plain zircon shell molds showed the greatest depth 
and degree of surface contamination. The addition 
of chemical inhibitors to zircon shell molds in the 
amount of 1 weight per cent was slightly effective 
in reducing the degree of surface contamination. The 
inhibitors had little effect on the depth of contami- 
nation of the %4-in. sections, but did appear to de- 
crease the depth of contamination of the 1-in. sections 
by approximately 0.010 in. Of the two chemical 
inhibitors tested, ammonium silicofluoride was the 
most effective. 

A titanium casting made in a graphite shell mold 
was contaminated to a depth of 0.025 in. on the 14-in. 
section and 0.035 in, on the l-in. section. This 
represented a slight improvement in the reduction 
of surface contamination when compared with cast- 
ings made in oxide shell molds. The surface finish of 
this casting was vastly superior to any made thus far 
in expendable molds. The degree of contamination 
was comparable with that of castings made in in- 
hibited zircon shell molds. 

Titanium cast in a machined graphite mold was 
relatively free of surface contamination. Both of the 
section sizes of the castings were contaminated to a 
depth of only about 0.010 in., and the surface of 
the casting was harder than the base metal by only 
about 20 points Knoop. 


Bend Ductility. The effect of surface contamination 
on the ductility of cast titanium was determined 
with specimens which had various amounts of the 
contaminated surface removed. Bend specimens were 
taken from the center of the l-in. section of each 
casting to establish the ductility of the base metal. A 
schematic drawing in Fig. 5 shows the location 
of all the specimens. These specimens were 4, in. 
thick, 14 in. wide, and 114 in. long. 
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Fig. 5—Schematic drawing showing location of bend-test 
specimens in a titanium step casting. 


Ductility was determined by bending the specimens 
around dies of decreasing radii until fracture oc- 
curred, The radius, just prior to fracture, was taken 
as the minimum bend radius. Bend ductility, T, was 
then calculated by the formula 

T — minimum bend radius 





specimen thickness 
Smaller T values indicate greater bend ductility. 
Ductility and hardness data for, titanium cast in 
various zircon shell molds are presented in Fig. 6, 7, 
and 8. There did not appear to be an exact correlation 
between ductility and hardness. Surface contamina- 
tion, however, greatly decreased the ductility of cast 
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Fig. 6—Surface hardness and bend ductility of titanium 
cast in a zircon shell mold. 
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Fig. 7—Surtace hardness and bend ductility of titanium 
cast in a zircon shell mold containing 1% (NH,), SiF, 
inhibitor. 


titanium. Specimens removed near the surface of the 
castings were brittle. Specimens machined from the 
l-in. section were always more brittle than ones taken 
at a comparable depth in the 14-in. section of the 
same casting. As increasing amounts of the contam- 
inated surface were removed, ductility improved. The 
contaminated skin can be removed satisfactorily by 
acid pickling.? In most cases, ductility curves assumed 
the general shape of hardness curves. 
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Fig. 8—Surface hardness and bend ductility of titanium 
cast in a zircon shell mold containing 1% K.,SiF, inhib- 
itor. 


It was noted that castings with the same degree and 
depth of surface contamination did not always have 
the same ductility. Apparently, the ductility of cast 
titanium was affected by other factors which were not 
completely reflected by hardness data. Although 
chemical inhibitors in zircon shell molds improved 
the surface finish, the extent of surface contamination 
and the bend ductility were not markedly improved. 

Specimens prepared from a contaminated casting 
(base hardness of 187 Brinell) showed that bend duc- 
tility was lowered throughout the casting. Test speci- 
mens from the center of the casting failed at a radius 
of 4T, as compared to a radius of 4T and IT for 
specimens from castings with a base hardness of 150 
and 160 Brinell, respectively. The bend ductility and 
hardness traverse of the casting with high base hard- 
ness are presented in Fig. 9. 

Castings made in graphite shell molds were con- 
taminated to approximately the same extent as those 
made in oxide shell molds. For this reason, bend 
tests were not prepared on the castings made in graph- 
ite shell molds. 

The hardness and ductility data for high-purity 
titanium cast in a machined graphite mold are shown 
in Fig. 10. Except for two specimens which were 
near the surface of the l-in. section, all of the test 
pieces were bent to a sharp angle without fracture. 
The two specimens which failed at a bend radius of 
YT had only 0.010 in. of the surface metal removed. 
This is of importance because it had been assumed 
that machined graphite molds did not contaminate 
cast titanium. Although the degree and depth of con- 
tamination was slight, 0.010 in., the effect on ductility 
was noticeable though small. More recent work, 
which has not been verified, has indicated that it 
may be possible to prepare expendable molds that 
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Fig. 9—Surtace hardness and bend ductility of titanium 
cast in a zircon shell mold. 
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Fig. 10—Surtace hardness and bend ductility of titanium 
cast in a machined graphite mold. 


will not contaminate cast titanium any more than 
machined graphite molds, 

It was also noted that specimens taken from cast- 
ings made in machined graphite molds were more 
ductile than specimens from castings of the same base 
hardness made in zircon shell molds. Reasons for 
this condition could be attributed to any one or com- 
binations of the following factors: (1) difference in 
grain size or grain structure, (2) presence of some im- 
purity, such as hydrogen, which is not reflected by 
hardness measurements, or (3) presence of micropo- 
rosity. Although these factors received some attention, 
present information as to their effects is insufficient 
to be conclusive. 
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Conclusions 


Shell molds of graphite did not contaminate the 
surface of cast titanium so much as shell molds com- 
posed of refractory oxides. Depth of contamination 
was 0.025 and 0.035 in. in Y%4- and |-in. sections, re- 
spectively, for castings made in the graphite shell 
mold. Surface contamination had an adverse effect 
on the bend ductility of cast titanium. Decrease in 
bend ductility was in proportion to the amount of 
contamination remaining on the surface of the test 
specimen. 

The addition of | per cent ammonium silicofluoride 


to zircon shell molds improved the surface finish of 


cast titanium. There was a small reduction in the 
depth and degree of contamination of cast titanium 
when chemical inhibitors were incorporated in the 
molding mix. Because the extent of contamination 
was changed to only a minor degree, improvement in 
bend ductility by chemical inhibitors was negligible. 
The finish on castings made in graphite shell molds 
was greatly superior to the finish obtained with any 
of the oxide molds. 

Removal of the contaminated surface from titanium 
castings improved the bend ductility from a value 
greater than 24T to a value of about IT, provided 
the hardness of the base metal did not exceed 165 
Brinell. Cast titanium with a hardness of 187 Brinell 
had poor ductility, 4T, even after the contaminated 
metal was completely removed. 

Machined graphite molds contaminated the surface 
of titanium castings. The contamination was slight, 
0.010 in., but its effect was reflected by a slight de- 
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crease in bend ductility near the surface of the cast- 
ing. 

The ductility of titanium cast in machined graphite 
molds was superior to titanium cast in either oxide 
or graphite shell molds. This was true for castings 
of comparable base hardness. 

At the present time, the contaminated skin which 
causes the loss of ductility can be eliminated by acid 
pickling. Recent work has indicated that expend- 
able molds may be made which cause no more surface. 
contamination than machined graphite molds. This, 
in turn, would eliminate the need for pickling. 
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A BOTTOM-POUR, ARC-TYPE FURNACE FOR 
MELTING AND CASTING OF TITANIUM 


By 


O. W. Simmons,* H. R. McCurdy** and R. E. Edelman; 


ABSTRACT 


The object of this study was to construct a melting and cast- 
ing furnace for titanium in which a 10-lb heat could be melted 
and poured free of contamination. A direct current arc, bottom- 
pour furnace has been developed to make contaminant-free 
titanium and titanium alloy castings. The maximum heat pro- 
duced was 13.5 lb from a 25-lb charge; thus, the heat to charge 
efficiency was 54 per cent. The furnace consists of a water- 
cooled copper crucible and a separate mold cavity. The whole 
apparatus is surrounded by a gas-tight chamber with appro- 
priate water cooling. 

The heat is introduced by an arc struck between a water- 
cooled tungsten-tipped electrode and the titanium charge. An 
argon-helium mixture provides the inert atmosphere which pro- 
tects the molten titanium from gaseous contamination. Machined 
graphite was used as the mold material. A 3-in. square molyb- 
denum sheet 0.002 in. thick acted as a plug to prevent the pre- 
mature pouring of the molten metal. 

There are two special features incorporated in the lower part 
of the furnace which is the mold chamber. Both features are 
intended to facilitate pouring of the titanium into the graphite 
mold. One feature is a resistance heater for preheating the 
graphite molds to reduce their chilling effect. The other is an 
evacuating mechanism which draws the gases out of the cham- 
ber at the instant of pouring. Since the upper chamber is at 
approximately atmospheric pressure, the metal is sucked into 
the mold, thus supplementing the gravitational effect. 


Introduction 


Furnaces for melting titanium can be divided into 
two general categories, depending upon the manner 
of heating. The first employs an induction heater sur- 
rounding a graphite crucible.'*> This method. invar- 
iably introduces carbon, ranging from 0.3 to 1.0 per 
cent, into the titanium. Carbon in these percentages 
lowers the ductility, reduces impact strength, and 
impairs weldability.* However, no other crucible ma- 
terial has been found which would have a less deleter- 
ious effect on titanium. Therefore, it appears that, at 
the present time, in order to melt a_ reasonable 
amount of titanium, the crucible must be fabricated 
from carbon or graphite. In the special case where 
small quantities of metal are involved, the melting 
done rapidly, and the metal removed from the cruci- 
ble quickly, induction melting is more feasible.* Un- 


* Metallurgist, Rem-Cru Titanium Corp., Midland, Pa., 
** Physical Science Aide and + Metallurgist, Pitman-Dunn Lab- 
oratories, Frankford Arsenal, Philadelphia, Pa. 
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der these conditions, carbon contamination is held to 
a minimum. 

The second method is to introduce heat by means 
of an arc between an electrode and the titanium 
charge. In this type of appartus, a water-cooled copper 
container is used as a crucible. Castings can be made 
free of carbon contamination by this technique. 

A previous report describes a tilting-type arc melt- 
ing furnace designed and built at Frankford Arsenal.® 
This furnace successfully produced finished titanium 
castings weighing up to 114 lb. There were, however, 
two important limitations. First, the mold cavity 
was limited in size, and second it required a charge of 
1214 lb in order to obtain 2 to 3 lb of useful fluid 
metal. 

When a larger furnace was needed, there were two 
different approaches to the design. First, a larger tilt- 
ing-type furnace could be built with a larger crucible 
and mold chamber. The second plan, which was 
adopted here, called for an entirely new design with 
a bottom-pour mechanism and a detachable mold 
chamber. This tubular bottom-pour type of furnace 
was chosen because: 

1. It could be constructed by laboratory person- 
nel in much shorter time than a comparable 
tilting-type unit. 

2. It was less prone to water leaks because of 
fewer soldered joints. 

3. It had much more efficient water cooling. 

4. More flexibility in gating and risering design 

was possible. 

5. The pouring arrangement was simpler and 

much easier to operate. 

The major advantage that the tilting-type furnace 
has is that the amount of metal to be poured is not 
governed by the depth of metal that can be 
“pierced” by an arc of a given amperage. However, 
other disadvantages of the tilting-type furnace great- 
ly outweigh this single benefit. 


Furnace 


Design — Figure | is a schematic drawing of the 
major units of the bottom-pour furnace which con- 
sists essentially of an arc melting unit in a gas tight 
chamber. The principal parts are: an outside cham- 
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Fig. 1—A schematic diagram of the furnace and its 
auxiliary equipment. 





ber composed of two stainless steel vessels, a tubular 
water-cooled copper crucible, a water-cooled 1-in. diam 
tungsten-tipped electrode, apparatus to supply an 
inert atmosphere having a ratio of 8 parts helium to 
| part of argon, a molybdenum sheet serving as a 
stopper, and a gas evacuation mechanism activated by 
a relay connected to a fine gage copper wire in the 
sprue. A resistance wound furnace can be used to heat 
the mold, if necessary. Figure 2 is a photograph of the 
complete furnace assembly prior to making a heat. 
The relative positions of the component parts are 
shown in Figs. 3 and 4. The top of the upper shell 
contains two water-cooled sight glasses for observa- 
tion. A gas-tight electrically-insulated flexible tube 





Fig. 2—Assembled furnace preparatory, to making a cast- 

ing. The following parts are shown: A—stainless steel 

upper chamber; A'—water cooling jacket for mold con- 

tainer; B—gas mixing apparatus; C—evacuated surge 
tank; D—control panel; E—vacuum pumps. 
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Fig. 3—Diagram of assembled arc furnace just prior to 
pouring. 


Fig. 4 — View of dis- 
assembled furnace. A — 
tungsten- tipped copper 
electrode; B — stainless 
steel upper chamber; C 
— Water-cooled copper 
crucible; D — stainless 
steel mold chamber. 
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Fig. 5—A view looking down into the crucible. The 3-in. 
square, 0.002-in. thick molybdenum sheet is pinned to the 
graphite by means of four molybdenum pegs. 


through which the electrode can pass is also provided 
in the upper shell, Rubber tubing has been found the 
most practical material to maintain the gas seal and 
at the same time supply the necessary flexibility of 
movement for the electrode. In case of explosion, this 
rubber tubing will blow out and reduce the force of 
the explosion. The heat to melt the titanium is 
furnished by two 900 ampere-rated direct-current 
welding generators connected in parallel. 

Carbon or graphite, machined into sections for ease 
in assembly, constitute the mold material. A high 
density CS grade graphite is used at the present time. 
However, a mold constructed of block carbon is being 
planned. Carbon has a poorer heat conductivity than 
graphite; therefore, a surface freer of laps and flow 
marks might be expected on titanium cast into car- 
bon rather than graphite molds. 

After the graphite has been machined into shape it 
is baked at 1700 to 1800 F in a vacuum. This baking 
operation removes residual volatile matter and pre- 
vents their evolution during the time of pouring. The 
mold is assembled by clamping the component parts 
together with steel bolts and nuts (Fig. 7). Such an 
assembly, except for cores, sprue and minor parts of 
the down sprue, has lasted for 50 heats or more. A 
chromel-wound resistance furnace is used to heat the 
mold. This furnace can be detached easily and re- 
moved from the bottom tank. 

Operation — Titanium can be charged as either 
sponge, pigs or large chunks of metal. Whenever alloy 
castings are required, pre-alloyed pigs for melting 
stock are preferred. The pigs weigh about 2 to 3 Ib 
and their method of manufacture is described in a 
previous report.® 

The furnace is assembled from the bottom up. First, 
the mold heater is put in place, then the mold and 
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Fig. 6—A schematic diagram of relay system used to acti- 
vate the valve between the surge tank and the furnace. 


the graphite sprue are placed in the furnace. Inserted 
in the sprue is a .003-in. diam insulated copper wire 
which serves to trip the relay that controls the open- 
ing of the surge tank. On top of the mold cavity, the 
top crucible assembly is erected. A graphite slab, 
which will serve as a base of the titanium skull to 
be built up, is put on the bottom. This slab has a hole 
in its center which matches the sprue joining the 
mold. The hole is covered by a 3-in. square sheet of 
0.002-in. molybdenum (Fig. 5). This sheet is held 
down to the graphite by means of four molybdenum 
pegs. A Y4-in. layer of fine titanium sponge is sprin- 
kled over the bottom. The purpose of the molybden- 
um sheet is to serve as a plug to impede the flow of 
molten metal. The sponge prevents any molten metal 
from seeping under the molybdenum sheet and set- 
ting off the pouring mechanism before the desired 
time. Above the layer of sponge the correct number 
of pigs is charged to pour the required amount of 
metal. 





Fig. 7—-Assembled mold for casting a double keel block. 
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After the top vessel is replaced and sealed, the en- 
tire furnace assembly is alternately evacuated and 
flushed three times with an 8:1 helium-argon mixture. 
With the generators at the minimum power setting, 
roughly 500 amperes, the arc is struck and an arc 
voltage varying between 30 and 40 volts is used, The 
current is increased to 800 amperes and the pigs are 
consolidated into a solid mass by passing the elect- 
rode continuously over the charge. Then the power 
is increased gradually until 1600 to 1800 amperes are 
obtained in order to superheat the molten metal. 

In approximately 25 min from the initial striking 
of the arc, a 25-lb charge of metal is ready to be 
poured. The electrode is held stationary over the tap 
hole and the power is increased to maximum. In ap- 
proximately 1 min a hole is “bored” through the pool 
of molten metal and the molybdenum sheet. When 
the first metal enters the sprue, it melts the fine cop- 
per wire. This action sets off a relay which opens 
the valve connecting the furnace to an evacuated surge 
tank (Fig. 6). The surge tank serves to reduce the 
pressure in the mold chamber almost instantaneously 
at the instant of pouring and thus removing any gases 
which are entrapped in the mold. The pouring takes 
place in 6 to 12 sec depending upon the weight of 
the charge. After the metal is poured, the furnace 
is allowed to cool for 2 to 3 hr before it is opened. 


Design Consideration —- The furnace described in 
this report was designed and built to make castings 
weighing approximately 10 lb. A secondary purpose 
was to improve the skull-melting technique so as to 
obtain a larger yield, i.e., the ratio of metal poured 
to the metal charged. In a previous furnace 1214 
lb of metal had to be charged in order to produce a 
1%4-lb casting. In a report® describing the above 
furnace, it was recommended that the efficiency of the 
furnace be increased by enlarging the cross-sectional 
area of the crucible. 

By increasing the diameter of the crucible for the 
same given volume of metal, a larger surface is ex- 
posed to the arc; thus more metal can be heated 
faster. In addition, since the titanium has such poor 
heat conductivity, a larger pool of molten metal can 
be obtained prior to pouring. In the bottom-pour 
furnace it has not been necessary to cool the bottom 
plate, an operation which is required in the tilt-type 
furnace. This reduction in cooling naturally enhances 
the heating efficiency. 

The arc voltage is varied according to the weight 
of the charge. A voltage of 28 volts is used for small 
heats and the distance between the electrode and 
melt is kept small. This gives high melting efficiency 
and because of the small amount of metal involved 
there is little splatter. In larger heats, however, it is 
difficult to maintain the close distance between the 
electrode and the melt which would give the low 
voltage of 28 volts. 

The distance has to be increased because there is 
danger of unmelted titanium along the chilled walls 
of the crucible falling on the electrode. Also, in larger 
heats undesirable splatter is increased and there is 
less likelihood of this metal impinging on the elect- 
rode if the arc gap is large. Obviously, there is a limit 
as to how long the arc gap can be before the arc 
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breaks. Also, as the distance increases, the voltage in- 
creases and the heating efficiency decreases because 
more heat is being dissipated to surrounding areas 
rather than to the charge itself. 

In the skull-melting, tilting-type furnace, where the 
mold cavity is an integral part of the furnace, the 
method of gating a casting is limited. In the bottom- 
pour furnace, such as described in this report, there 
is greater freedom for correct design of the gating 
system (Figs. 7 and 8). A more extensive system of. 
runners can be employed and it is feasible to make 
several castings from a common runner. 











Grapnite Moid Casting 


Fig. 8—-Disassembled double keel block mold and casting 
showing test bar location. 


A pronounced limitation on the amount of metal 
that can be poured is the depth of the molten metal 
which can be “pierced” by the arc to start the pouring 
cycle. The maximum depth thus far attained is 314 
in. on a 9-in. diam crucible. It is doubtful that a 
much greater depth can be reached in this furnace 
with the present power supply. At the present time, 
25 Ib of metal are charged and 1314 lb are poured. 
The remainder of the charge, the skull in the cruci- 
ble, is not lost for it can be used again for subsequent 
melts of the same composition. 

It is possible that by means of a titanium poke rod, 
the pouring action might be started. Mechanical lim- 
itations oppose the use of a rod in the present setup. 
However, in future designs the use of a poke rod will 
be studied. 

In order to fill a graphite mold of moderate size, 
the molten metal must be transferred from the cruci- 
ble to the mold through a graphite sprue. Previous 
experiments have shown that simple gravity feed was 
not satisfactory. In order to improve the pouring 
technique, the casting was done under a reduced 
pressure, that is, at the instant of pouring a vacuum 
was applied to the lower. chamber. A surge tank 
evacuated prior to the pouring is connected to the 
furnace, and by means of a valve action caused by a 
relay actuated by a “trigger” located in the sprue, the 
tank is operated in the system. In addition to cutting 
down the pouring time, any gases entrapped in the 
mold are removed by the evacuation. 

Many types of noble gas mixtures were tried as 
protective atmospheres. The ratio 8 parts of helium 
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to 1 part of argon proved to be the best, because it 
gave the greatest efficiency without destroying the 
stability of the arc. As other investigators have point- 
ed out, the helium arc generates more heat for a given 
current than the arc in argon.* However, the arc in 
argon gives more reproducible results and is more 
stable than the arc in helium. 

The molds were fabricated from machined graphite 
because of its availability. Other mold materials have 
been mentioned, in the literature, but all of them suf- 
fer from the handicap that they can only be used 
where the section size of the casting is small.? If in 
their present stage of development these mold ma- 
terials are used to make large castings, severe reaction 
takes place between the molten titanium and the 
mold surface. 
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INCENTIVE PLAN FOR 


By 


“LINE” SUPERVISORS 


E. D. Bolden* 


Incentive plans for direct and indirect labor per- 
sonnel and bonus plans for top management people 
are familiar. Often overlooked are the men in be- 
tween, because incentives for supervisors are “too dif- 
ficult to administer.” 

We are not particularly interested in setting up 
a rigorous or scholarly definition of a supervisor. As 
we discuss the subject, however, we should all be 
thinking about the same persons in the management 
group when we use the supervisor term. 

The main interest is that the concept of the super- 
visor should be extended sufficiently down the man- 
agement line. We must be concerned about the lower 
end of the scale, about the man who has ten men 
working for him and is responsible for the work of 
those ten men. 

He may be called a foreman, or a gang leader, or 
a lead-hand or just plain supervisor. These individuals 
should be included within the supervisor’s category 
when we think of incentives for line supervisors. These 
are the men who work right down on the line. They 
get the work moving, checking and controlling the 
waste (in labor hours) and the quantity and quality 
of the castings as they move along to the shipping 
dock. 

It is for these men that the following wage incen- 
tive plan has been devised and developed in conjunc- 
tion with and as an adjunct to an incentive plan cov- 
ering all productive employees below the grade of 
supervisor. In the development of this plan we have 
given much thought to the objective of bringing the 
incentive as close to the job as may be done within 
practical limits, 

Obviously, individual treatment of job and bonus 
is the surest way to induce a full release of individual 
effort and ability on a given activity. But the very 
nature of this effort is competitive, rather than co- 
operative. Consequently it is not conducive to team- 
work required for good supervisory organization. On 
the other hand, the other extreme, overall group in- 
centives, a treatment by which no one can win unless 
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all may win, while it may induce some cooperative 
effort, also creates a competitiveness which may place 
an additional demand on higher management people 
and make an unbearable job for the administrator 
of the plan. To use either application exclusively 
would normally sacrifice one of two essential attri- 
butes of an otherwise good incentive plan, that of 
individual effort or teamwork. 

The supervisor’s job being of a multiple factor 
character, we have been able to do more than has 
been possible in any single incentive plan for opera- 
tors, that of blending plant-wide factors to induce 
inter-departmental teamwork with several unit fac- 
tors to induce individual supervisor response. 


Tenets of this Multi-Factor Incentive Plan 


(a) Consider all factors which are largely within 
the control of the supervisors and are reasonably well, 
if not definitely, measurable. 

(b) Group the handling of these factors in order 
that one group of factors shall reflect plant-wide per- 
formance and the remaining group of factors to re- 
flect departmental performance. 

(c) Weigh each group of factors to provide de- 
sired emphasis and establish fair and definite stand- 
ards of factor measurement. 

(d) Plan the incentive pay to be approximately 25 
per cent of the base—an optimum, but not necessarily 
maximum achievement. 

(e) Calculate the results and pay the bonus in a 
separate pay envelope, or by separate check, at least 
once each cost month. 

(f) Make available to all supervisors a progress re- 
port (so far as possible) of their performance at least 
once each week. 

(g) Make the operation of the plan reasonably 
simple, so that results may be calculated with mini- 
mum expense by using currently available records. 

(h).Make available to all supervisors a record of 
the computation of their individual performance and 
acquaint them with currently available records from 
which the computation is made. 

(i) Guarantee the plan for a given period of time. 
Revise factors at stated intervals and only to meet 
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changed conditions. Do not change the standard be- 
cause a good supervisor makes more than might be 
expected. 

(j) The plan must be a reasonably true incentive, 
based on a measurement of savings-sharing, and re- 
flecting meritorious effort of the supervisor. 

(k) The plan must encourage and foster the steady- 
ing, but not necessarily the increasing of production; 
elimination of waste, cost reduction, maintenance of 
quality, proper utilization of equipment and facili- 
ties, and service and assistance to employees. 

(1) The plan must not oppose changes in methods, 
working conditions, transfer and interdepartmental 
accommodation. 

Comment: If a factor standard is to be changed 
(and it rightly should be with a change of conditions) 
because a supervisor has come up with an improved 
method (improved over regular shop standardiza- 
tion), he should be compensated by a flat payment, 
relative to savings-sharing, for the improvement, 
rather than to “let it ride” to pay him a bonus in- 
definitely in recognition of his ingenuity. 

We must be reminded, however, that any good 
and genuine incentive is a powerful force and great 
care must be exercised in its release. 

We must be cautioned that whenever operations 01 
departments are not reasonably standardized, or that 
working conditions are somewhat crude, application 
of such an incentive plan be postponed until a prv 
gram of work simplification and work measurement 
standards has been reasonably well accomplished. 


Principles of Operation 


As has been stated, this plan may only be operated 
as an adjunct to a standard hour type of incentive 
plan covering the direct and indirect workers in the 
foundry. 

This is necessary in order to have the necessary 
basis of measurement of the supervisor's effectiveness 
quotient. 

Foundries, as a rule, process daily records for cost 
control purposes in conjunction with their incentive 
plans. These records can be and should be of simple 
construction, involving key figures for control pur- 
poses to keep management and supervision informed 
daily as to progress throughout the foundry. 

Obviously, each foundry management will have in 
operation a group of records which best suit their 
particular purposes. However, usually common with 
all systems of paper work, similar “figures” are made 
available such as: 

The daily production report 

The number of hours worked on standard 

The number of hours worked on daywork (direct 
or indirect) 

The number of hours of delay or waiting time 
The number of hours of overtime and overtime 


premium 

The number of hours of make-up pay or expense 
allowance 

The number of hours of plus standard allow- 
ances 


The “heat” sheet and the scrap report. 
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From such records and reports the factors of the 
supervisor's effectiveness quotient are drawn. The 
measurable factors are used as a basis of the super- 
visor’s incentive plan. Such measurable factors, large- 
ly within the control of the supervisor, and usually 
available in the daily, weekly or monthly records of 
production, payroll and cost are as follows: 

1. Quantity of Production: ‘This factor is measur- 
able and positive and generally expressed in man 
hours as— 

Worked time credit of hours produced 





total hours worked 
2. Elimination of Waste: This factor is likewise 
measurable, as it pertains to waste man hours (or 
the equivalent in allowances or costs), such as: 
(a) Overtime premium 
(b) Plus-Standard allowances 
(c) Make-up pay—expense allowances 
(d) Delay—waiting time 
3. Scrap and Salvage: Measurable in the sense that 
it is used in this incentive plan. Scrap and salvage 
are synonymous; one is as cost consuming as the other 
whenever casting salvage operations are employed. 
4. Departmental and/or Plant Activity: Measurable, 
in that standards of activity may be established for 
every operation or department and, in summary, be- 
come a total standard activity factor for the foundry 
—all expressed in the common denominator of man- 
hours. 


Definition of Terms 
Before incentive pay can be calculated, the net re- 


sults or the supervisor’s performance quotient, must 
be computed in the common denominator of man- 
hours; hence, all factors shall have a man-hour equi- 
valent. 

Quantity of Production in man-hours shall mean 
a credit figure showing man-hours of work produced, 
whether it may finally go into the ledger as direct or 
indirect labor charges, even though some of it may be 
day work of one form or another and may include 
some plus-standard allowances or other form of ex- 
pense allowance. That is to say, a record of each 
operator’s productivity shall be made on a daily basis 
(or in some cases of indirect service labor pools, rec- 
ords may be made up weekly). A given operator may 
have a record for a given day, such as: 

—he worked on productive direct labor (on 
standard) for a period of 6.4 hr; because he is a 
good operator, he earned 8.6 hr—a worked time 
credit. 

—he worked on productive direct labor (non- 
standard) for a period of 1.0 hr; because this 
“day work” is computed at 100 per cent, he has 
earned 1.0 hr—a worked time credit. 

—for .04 hr, he was delayed waiting for a pat- 
tern. This is not a credit nor is it a debit to this 
operator, but will work out to be a debit in com- 
puting his supervisor’s incentive. 

—for the remainder of his 8.0-hr day, he is auto- 
matically given 0.2 hr allowances as ‘“‘wash-up 
time.” This is not a credit to the operator's 
worked time credit nor a debit, nor will it be a 
debit in computing his supervisor's incentive. 
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Comment: The wash-up allowance is made to the 
operator as a matter of company policy and is, there- 
fore, not controllable by the supervisor. The same 
applies to a number of other policy allowances, such 
as vacation pay, sick leave, first aid visits, allowed 
holidays, time allowed off for voting, etc. Such items 
are usually accounted for as “allowed time.” 

Thus, in this case, we have a worked time credit 
as follows: 

Hours worked 7.4 

Unworked Hours 0.6 

Worked time credit 9.6 
Worked time credit — 9.6 hr 


total hours worked — 7.4 hr, equals 130 per cent 





Comment: At this point the 130 per cent does not 
mean anything. However, as this process is followed 
for all the operators and is summarized weekly for 
operations, departments and the plant, the resulting 
percentage figure is indicative to the supervisor as to 
how an operation or department is progressing pro- 
ductivewise. 

Obviously, an unending number of examples of 
operators’ daily production records could be shown 
here. However, the above should suffice to demon- 
strate a measurable factor of productivity or a quan- 
tity of production as expressed in man-hours. 


Waste Factors 


There are numerous miscellaneous materials which 
are sometimes carelessly used and create waste to 
some degree. In some operations which are highly 
classified and standardized, a sort of secondary form 
of incentive may be readily set up to encourage a 
savings in specific kinds of materials. 

For example, in a shotblast operation, a carefully 
made survey could determine a standard ratio of 
pounds of shot per ton of castings and a savings- 
sharing bonus could be paid to meet or better the 
standard. However, in all due consideration of what 
might be done to eliminate waste in the use of mis- 
cellaneous materials, we would rather stick to the 
above mentioned principles of basing the plan on 
such items as are within the limits of practical mea- 
surement. 

(a) Overtime Premiums: While entirely measurable, 
it is sometimes a debatable question as to whether it 
is controllable by the supervisor in all cases and 
whether or not it is a waste item. Our experience 
has shown that for the most part (except in cases of 
regularly scheduled overtime) overtime is controlled 
by the supervisor, and we hold that overtime is waste, 
with the following exceptions: if the regularly sched- 
uled work week is five 8-hr days and the company 
were to adopt a policy of six 8-hr days or five 9-hr 
days as a regularly scheduled work week, overtime 
premium for the regularly scheduled overtime would 
not be included in the computation as a waste debit 
in this incentive plan. 

(b) Plus-Standard Allowances: This is an allowance 
made by the standards department as a standard 
upon a standard (hence plus-standard) to an in- 
centive operator to do work of an excessive nature 
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due to faulty process. For example, cores may be de- 
livered to the floor for setting, requiring excessive 
rubbing or filing because the cores were poorly made 
or finished, and the standards department is called 
upon to give the molder an allowance for the extra 
work. Similarly, a casting may come into the clean- 
ing room with an excessive amount of heavy fin, fused 
sand from penetration, or a heavy drop which may re- 
quire several hours of extra work for which the chip- 
per must be compensated. 

In some cases these excesses may be charged back 
to the operation or department which created the 
excess, but, just as often, such excesses are caused by 
general circumstances. Since this is the case, we are 
prone to report the excess (as a separate item) on 
the operation or in the department in which the ex- 
cess work is done, debiting the supervisors on a plant- 
wide basis (explained later) . 

{(c) Make-up Pay and Expense Allowances: These 
items are somewhat synonymous, depending a good 
deal on how an individual management treats the 
subject items. Make-up pay is the difference between 
standard hours earned and elapsed time on the job. 
For example, a molder may be given a job upon 
which there is a standard allowed time of 6.4 hr. 
This molder, through his lack of skill, takes 8.0 hr 
to complete the job. He worked 8.0 hr but earned, 
or had a worked time credit, of only 6.4 hr. Though 
he earned only 6.4 hr, he still must be paid for 8.0 
hr. Make-up pay is, therefore, 1.6 hr. 

Many incentive plans have a “built-in” expense 
allowance which begins at 80 per cent of standard 
(or 100 per cent) and terminates at 125 per cent of 
standard, That is to say, in the same above example 
the molder made the job in 80 per cent of standar«! 
(100 per cent) and was therefore given an automatic 
allowance (to bring him up to 100 per cent) of 1.6 
hr, which, instead of being posted in the make-up 
pay column, would be posted in “expense” column. 

In some incentive applications both items are rec- 
ognized, and when the operator is an exceptional] 
low performer (65 to 70 per cent of standard) would 
be posted in both make-up and expense columns. 


(d) Delay: «lapsed time (for which he must be 
paid) during which an operator is unable to proceed 
with productive effort through no fault of the opera- 
tor. This factor is, for the most part, measurable and 
to a high degree controllable by the supervisor. In 
conjunction with most incentive plans, delays are 
usually recorded as such on the daily production re- 
port of each operator and are, therefore, readily sum- 
marized into a weekly figure. 


Scrap and Salvage 


These are items of waste of man-hours and materials 
which are treated a little differently in this incentive 
plan. Every foundry has some type of scrap report, 
some form of scrap control and, as a usual rule, time 
spent for salvage work is recorded and reported as an 
item of cost control. If not already done, the “worth” 
of scrap may be readily expressed in man hours. 
Hence, we have a measure suitable for practical use 
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in the administration of a supervisory incentive plan. 

Especially in the steel foundry, scrap and salvage 
figures must be viewed as one and the same type of 
cost. We have witnessed operations where more value 
(in time and material) has been spent in the clean- 
ing room to “salvage” a casting than the value to 
make a new casting, simply to hold down the scrap 
per cent figure. 


Departmentai Activity 


Activity of a department or the plant as a whole, 
must be a factor in considering how much incentive 
pay a supervisor may be entitled to receive. This 
factor is measurable, since we simply set up a stand- 
ard of measure in a somewhat similar manner to 
which a task standard is set up for many other opera- 
tions, 

For the most part, activity is only semi-controllable 
by the supervisor, but, to a high degree, plant activity 
dictates the ability of a company to employ people 
and pay incentive bonuses. 

When activity is low, however, the supervisor's task 
is usually much simpler and, on occasion, some super- 
visors may direct their efforts to actual productive 
operations. Furthermore, most companies maintain 
their supervisory staff at full time and full pay. 

Conversely, when activity is high, the supervisor's 
task is usually greater and more complex, hence high- 
er incentive pay for greater effort. 

With the exception of activity standards, all pre- 
ceding factors are readily summarized from current 
cost control summaries. Activity standards, on the 
other hand, have to be carefully set up as task stand- 
ards and, like any other task standard, have to be 
maintained in up-to-date order to reflect various 
changes in conditions which invariably occur. 


Maintaining Activity Standards 


Rules for setting up and maintaining activity stand- 
ards are as follows: 

(a) Assume that all operators shall have a worked 
time credit average of 125 per cent of standard. 

(b) Take the maximum number of work stations 
available as par, but do not include those which are 
not normally used or which could not be used due to 
being out of balance. The number of service men in- 
cluded will be taken on the standard pool ratios 
used for the indirect workers incentive. 

(c) Assume all operations to be on a standard 
single shift. When an additional shift is put on, the 
activity standard will be subject to revision. 

(d) When “extra” operators are temporarily added 
to a department by having them utilize work sta- 
tions during second shift working hours, but are 
supervised and serviced wholly by day shift depart- 
ment supervisors, the additional activity is added to 
the department standard only to the extent of 50 per 
cent of such an addition. 

(e) Activity standard factors will be expressed in 
terms of standard hours of work expectancy and, 
while related to, are not necessarily consistent with 
tons, heats, boxes, patterns, etc., produced. 

Examples: We have a molding unit set-up in which 
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eight molders and two servicemen may work and 
produce efficiently at an average of 125 per cent. 

We have determined that eight molders and two 
servicemen may work efficiently first, by considering 
the work area as a whole—the physical limitations— 
facilities and general conditions and services; and 
secondly, by considering the kind or classification of 
work being done on the unit. 

We have said, then, that this is the standard of 
working conditions. This standard is subject to re- 
vision if and when such working conditions are 
changed as to appreciably affect the standard. This 
does not mean, however, that if the supervisor can 
do better with the same conditions and class of work 
that the standard would be changed arbitrarily. Nor 
would the standard be changed if work “fell off” to 
the extent that the unit required less men or less 
activity. 

The next consideration would be the standard 
number of hours worked per man per day. In this 
example, 8.0 hr per man per day is the schedule (if 
the scheduled work day were shortened or lengthened 
by order of top management, this standard would be 
subject to revision). 

It is further necessary to consider the standard work 
week. In this example the standard work week shall 
be five 8-hr days. Thus we have the factors to cal- 
culate the activity factor for the unit for one week:— 


10 men X 8 hr = 80 hr 
80 hr & 125% (1.25) = 100 hr 
100 hr & 5 days = 500 hr for one week 


There is now one more item to consider—the 500 
hr approaches a maximum (depending on the actual 
performance level of the operators) and is somewhat 
better than what might be expected as a fair stand- 
ard. 

In the first place, there are various allowed times, 
such as the 0.2 hr per man per day allowed as a 
wash-up period (and there are various other such 
allowances, such as rest period, etc., in some found- 
ries), which amounts to about 214 per cent loss. 
Absenteeism runs about 3 per cent, paid holidays, 
etc., will run about 3 per cent more. It is easy to see 
a 10 per cent loss. On some operations, losses of 
various natures may tend to run somewhat higher. 
Some study of all the facts is necessary to arrive at a 
fair allowance. Supposing such an allowance runs 15 
per cent, it is then fair to deduct 15 per cent of the 
maximum of 500 hr to arrive at a net fair activity 
standard. Thus we set up 425 hr as the activity stand- 
ard factor for the molding unit mentioned in this 
example. 

We have said we would compute the incentive each 
“month,” depending upon how the books are kept. 
This may be a “cost month’’ of four or five weeks, or 
it may be a calendar month of say, four and one-third 
weeks. Either way, once the general concept of set- 
ting up the activity standard for one week is de- 
termined, it is a matter of arithmetic to compute the 
same as a monthly figure (preferably for the same 
“month” as is considered in making the scrap report). 

If so desired, the whole process may be figured on 
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Fig. 1—Conversion factor graph. 


a weekly basis as well as monthly, except that it would 
add some clerical detail. 

The prerogative of establishing (or adjusting) 
standard activity factors may be retained by top man- 
agement, or the supervisors might be taken into con- 
fidence in working out the details. Both methods 
have been followed and either seems to work well 
when all phases of the question are well understood. 


Further Comment Regarding Activity Factors 
In a steel foundry cleaning room, salvage welders 
are included in the activity factor for the cleaning or 
salvage lepartment. In the event that casting quality 
is improved, through the efforts of supervisors, to the 
extent that a lesser number of welders are required 
to handle a reduced salvage welding load, the activity 
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factor should be reduced a like amount. In the event 
of the re-arrangement of facilities whereby an opera- 
tion or department is moved into a more adequate 
work area, the activity standard should be increased 
only commensurately with work flow. 

In the event of a work simplification program 
which would tend to change, add, or eliminate pro- 
cesses or operations, activity standards should be 
modified to reflect such modification in process or 
facilities. 

The goal always is to set a fair task standard for 
the supervisor in the same manner as is practiced in 
setting task standards on any productive labor opera- 
tion. 

The use of the activity factor, as explained, will be 
apparent in the discussion which follows. It must be 


Activity CORRECTION FACTORS 





Activity Rating, Per cent 





Performance 





Rate, % 65 70 75 80 85 90 95 100 105 110 115 120 125 130 
100 98 99 99 99 100 100 100 100 101 101 102 102 103 108 
101 98 99 99 99 100 100 101 101 102 102 102 103 104 104 
102 OY 160 100 100 101 101 102 102 103 103 103 104 105 105 
103 100 100 101 101 102 102 103 103 104 105 105 106 107 107 
104 10] 101 102 102 103 103 104 104 105 106 106 107 108 108 
105 102 102 103 103 104 104 105 105 106 107 107 108 109 109 
106 102 103 103 103 104 105 106 106 107 108 108 109 110 110 
107 103 104 104 104 105 106 107 107 108 109 109 110 111 111 
108 103 104 105 105 106 107 108 108 109 110 110 lll 112 112 
109 104 105 106 106 107 108 109 109 110 111 112 112 113 114 
110 105 106 107 107 108 109 110 110 lll 112 113 113 114 115 
11] 106 107 108 108 109 110 111 111 112 113 114 114 115 116 
112 107 108 109 109 110 lll 112 112 113 114 115 115 116 117 
113 107 108 109 110 lll 112 113 113 114 115 116 117 118 119 
114 108 109 110 111 112 113 114 114 115 116 117 118 119 120 
115 109 110 lll 112 113 114 115 115 116 117 118 119 120 121 
116 109 110 lll 112 113 114 115 116 117 118 119 120 121 122 
117 110 lll 112 113 114 115 116 117 118 119 120 121 122 123 
118 110 lll 112 113 115 116 117 118 119 120 121 123 123 125 
119 lll 112 113 114 116 117 118 119 120 121 122 124 125 126 
120 112 113 114 115 117 118 119 120 121 122 123 125 126 127 
121 112 113 114 115 117 118 119 121 122 123 124 126 127 128 
122 113 114 115 116 118 119 120 122 123 124 125 127 128 129 
123 114 115 116 117 119 120 121 123 124 125 126 128 129 130 
124 116 117 118 118 120 121 12” 124 125 126 128 129 130 131 
125 116 117 118 119 121 122 123 125 126 127 129 130 131 132 
126 116 118 119 120 122 123 124 126 127 128 130 131 132 133 
127 117 119 120 121 123 124 125 127 128 129 131 132 133 135 
128 118 120 121 122 123 125 126 128 129 130 132 134 135 137 
129 119 121 122 123 124 126 127 129 130 131 133 135 136 138 
130 120 122 123 124 125 127 128 130 131 132 134 136 137 139 
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determined what per cent of incentive pay the super- 
visor should receive when all of his operations are at 
125 per cent, his waste factors are reasonably normal 
and the activity of his department or operation is at 
par or 100 per cent. Let us say, for example, that he 
is entitled to 25 per cent extra pay when these are 
the subject consequences, This gives us the first plot 
on a “conversion tactor graph.” (See Fig. 1) 

Now let us determine what per cent of extra pay 
he is entitled to when the operators are at 125 per 
cent, but the activity of his department or operation 
is at a 50 or 60 per cent level. 

Remember that in cases where management must 
operate at a loss (over which the supervisor has no 
control), a good supervisor, through his aggressiveness 
and ingenuity actually helps reduce the loss. Let us 
say that at 50 per cent of activity he is entitled to 10 
per cent extra pay. This gives us a second plot on 
our “conversion factor graph.” (See Fig. 1) 

Comment: Obviously, any such weighing of the 
activity factor may be applied in accordance with 
how management feels in regard to the value of such 
weighing. In either case, this factor should be set up 
as being applicable in all cases, with all supervisors. 

When this curve has been established, it is neces- 
sary to establish a family of curves for each percent- 
age point above and below the 125 per cent mark. 
(See Fig. 2). This family of curves may then be con- 
verted to a box chart (of figures) for easy reference 
when computing the supervisor's incentive pay (See 
Fig. 3). 


Distribution of Factors 


We have said that through the distribution of 
contributing factors we would disburse responsibility 
in order to promote inter-departmental cooperation. 
We would try to “render unto Caesar that which is 
Caesar’s,” so to speak. Since it is our desire to pro- 
mote cooperation by making all supervisors respon- 
sible on a plant-wide basis, yet bring the incentive 
inducement as close to the individual supervisor as 
possible, to inspire individual initiative, we would 
distribute responsibility accordingly. For example, we 
would hold all supervisors responsible for contribut- 
ing to the factor of scrap and salvage on a plant- 
wide basis, but hold individual supervisors respon- 
sible for those factors peculiar to their own opera- 
tion or department, such as delays, make-up pay, 
overtime, etc. (See Fig. 4.) 














Operation of 
Factors Department Plant wide 
Quantity of Production x Xx 
Overtime Premium xX 
Plus-Standard Allowances X 
Make-up Pay X 
Expense Allowances X 
Delay X 
Scrap & Salvage xX 
Activity xX 
Results = 50% Results = 50% 





Figure 4 
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In other words, quantity of production is the essen- 
tial credit in both instances. Overtime, make-up and 
expense allowances and delay, if there are any, are 
definite debits to a department. Activity may be 
either a debit or credit to a department, depending 
on the level of the activity. Plus-Standard Allow- 
ances are plant-wide debits, inasmuch as faulty pro- 
cess—for which plus-standards are usually responsible 
—is usually a plant-wide fault, or not easily pinned 
down to any one thing in particular. Likewise, Scrap 
& Salvage is “everybody's” business and the result- 
ing waste in excess of normal expectancy is a debit 
on a plant-wide basis. 

The total of credits minus debits, in conjunction 
with the activity correction factor, will result in a 
performance per cent factor for a department or in- 
dividual operation. This factor may be weighted as 
desired, but it is recommended that it shall bear a 
50 per cent weight of the whole. 

Likewise, on the plant-wide factor, the result of 
credits minus debits must be adjusted by the same 50 
per cent weighting. 


Calculating Supervisor's Incentive Pay 


There.we have them—all of the essential factors 
necessary as a basis for a practical supervisory incen- 
tive application. The following is the step by step 
process for calculating the supervisor’s incentive pay 
from the regular day-to-day records. 

Calculate single operations, groups of operations, 
or departmental factors first, the plant-wide calcula- 
tions second, and combined calculations iast. 

(a) Summarize the total hours worked during the 
month (or cost months) for the subject operations or 
department. 

(b) Summarize the worked time credit for the same 
subject month and operations. (This figure expressed 
in hours.) 

(c) Summarize all hours of delay, make-up or ex- 
pense and overtime premium hours for the same sub- 
ject month and operations. Add these figures to de- 
termine the “total waste.” (This figure expressed in 
hours.) 

(d) Subtract total waste (hours) from worked time 
credit summarized in step “b” above. The remainder 
is an “adjusted work time credit.” (This figure is in 
hours.) 

(e) Divide adjusted worked time credit (in “d” 
above) by total hours worked, as summarized in step 
“a” above. Express the quotient of this calculation 
as a percentage figure. This is the departmental or 
operational performance rating. 

(£) Divide the worked time credit (summarized in 

step “b’’ above) by the standard activity factor we 
have set up for this subject operation or department. 
Express the quotient of this calculation as a percent- 
age figure. This is the departmental or operational 
activity rating. 
Note: When a supervisor’s activity covers more than 
one department, the above summarizations must be 
totaled into one figure and the activity factors for the 
same subject departments must be totaled before 
proceeding with step “f.” 
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(g) Refer now to the activity factor correction sheet 
we have prepared. (See Fig. 3.) In the left-hand 
column—under Performance Rating per cent—find 
the figure corresponding to the departmental (or 
operational) performance rating as calculated in step 
“e” above. Move indicator horizontally to the right 
until indicator is in the column headed “activity 
rating per cent” 70, 75, 80, etc., whose index number 
at the top of the column corresponds with the activity 
rating per cent as calculated in step “f” above. 
Note: The activity rating per cent columns (on the 
activity factor correction sheets—Fig. 3) of figures 
are laid out in increments of 5 per cent. Activity 
rating per cent calculations will not always come 
out in such even figures. Whenever the calculated 
per cent figure exceeds any given column index fig- 
ure, use the figure in the next succeeding column to 
the right. 


Departmental Effectiveness Quotient 


The figure shown (on the chart) where the hori- 
zontal line from the performance rating per cent in- 
tersects the selected activity rating per cent column, 
is the subject supervisor’s departmental effectiveness 
quotient. This is a percentage figure. 

A—Total Hours Worked 

B—Worked Time Credit 

C—Total Waste 

D— (B—C) Adjusted Worked Time Credit 


D 

E— rs Departmental Performance Rating 
( B ) 

F Departmental Rating 





(Std. Act. Factor) 

G— (EF on chart) Supervisor’s Departmental 

Effectiveness Quotient 

AA) Summarizing the total hours worked during the 
month (or cost month) for the whole foundry. 
(This figure expressed in hours.) 

BB) Summarize the worked time credit for the same 
subject month for the whole foundry. (This 
figure expressed in hours.) 

CC) Summarize all plus-standard allowances issued 
for the same subject month. (This figure ex- 
pressed in hours.) 

Summarize product scrap “worth” (in man 
hours and add to this figure all hours (paid for) 
spent on salvage work; also add to this figure 
the sum of plus-standard allowances. This is 
total scrap. 

Note: It is usually customary to make what may 
be termed a normal scrap allowance. Making such 
an allowance, however, requires some study of the 
factors involved that cause scrap, with the idea in 
mind of starting a scrap reduction program, if found 
feasible, before arriving at any scrap allowance fig- 
ure. Setting up an allowance, strictly from past per- 
formance figures, may prove to be a much too gen- 
erous allowance, unless strict vigilance has been ex- 
ercised over scrap and salvage for a long period of 
time. 


Let us say that, in this case, we have arrived at a 
normal scrap and salvage allowance of 7 per cent. 


539 


That is, that we are willing to concede that 7 per 
cent of our total work time credit will result in 
product scrap or in time spent on salvage work as a 
normal occurrence. This being the case, we proceed 
as follows: 

DD) Add to worked time credit (BB) 7 per cent of 
that figure. This is then the worked time credit 
—including an allowance for scrap. It is an 
allowed worked time credit. 

EE) From the allowed worked time credit (DD 
above), subtract the total scrap (calculated in 
step (CC) above). The remainder is the net 
worked time credit for the subject foundry. 

FF) Divide the net worked time credit (EE above) 
by total hours worked (summarized in step AA). 
Express the quotient of this calculation as a 
percentage figure. This is the plant-wide effec- 
tiveness quotient. 

GG) Calculate the supervisor's net effectiveness quo- 
tient by adding the quotient of his particular 
department or operation to that of the plant- 
wide quotient and divide by 2. This is a per- 
centage figure. 

HH) The calculation of the supervisor's incentive 
pay is as follows: If the net effectiveness quo- 
tient is less than 100, obviously there has been 
no incentive pay earned. When the quotient is 
over 100, subtract the figure 100 from the net 
quotient—divide the remainder by 100 and 
multiply by the supervisor's weekly wage (minus 
any payment for overtime) and express _ this 
product as dollars and cents. This is the super- 
visor’s incentive pay for one week. 

HH-1) If the supervisor has not been absent for 
more than one week or on vacation, multiply 
the incentive pay for ONE WEEK by the num- 
ber of weeks in the month. 

HH-2) If the supervisor has been on vacation dur- 
ing the month, multiply the incentive pay for 
ONE WEEK by the number of weeks that the 
supervisor has been in attendance. 

HH-3) If the supervisor is absent for more than one 
complete week, multiply the incentive pay for 
ONE WEEK by the number of weeks that the 
supervisor was in attendance. 

HH-4) If the supervisor has been on vacation dur- 
ing the month but was taking the vacation at 
this time because it was necessary for him to 
work during the vacation period when the 
plant was closed for that purpose, multiply 
the incentive pay for ONE WEEK by the num- 
ber of weeks in the month. 

AA—Total Hours Worked 

BB—Worked Time Credit 

CC—Total Scrap 

DD— (BB + Scrap Allowance) Allowed Worked 
Time Credit 

EE— (DD — CC) Net Worked Time Credit 
(EE) 


ees Plant Wide Effectiveness Quotient 
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HH—wWeekly base pay (minus pay for overtime) 


times men = 1.00 ) times weeks in cost month, 
conditionally modified by HH-1, HH-2, HH-3 
or HH-4. 


Pro's and Con's of Supervisor Incentives 


The supervisor, as a part of management, is put on 
the job and paid a salary to make the most of his 
unit; thus, making a further arrangement would be 
the same as telling him that he is not doing a good 
job. 

The supervisor, as the representative of manage- 
ment “on the front line,” can make or break all of 
the policies and commitments of top management. 
Extra pay for extra effort, based on a sound measure 
of savings-sharing, can get his wholehearted coopera- 
tion to understand, clarify and bring about proper 
functioning of these policies and commitments. 

Some supervisors may take the attitude that a 
supervisor's incentive would amount to a bribe. Many 
others, however, have come to appreciate the oppor- 
tunity to go after a fair reward as represented by 
payment for results. It is a real challenge and touches 
neither their honor nor their dignity. 

A plan that involves the behavior of subordinates 
will make the supervisor a driver rather than a leader. 
This may have been the case under old contract 
systems, because the policies were, for the most part, 
solely in the hands of the old “bull of the woods” 
who received the bonus. However, where policies, in- 
cluding incentives for all workers, quality, produc- 
tion and cost control, etc., are provided by higher 
management and where staff services restrict as well 
as assist supervisors, this will seldom get beyond cor- 
rection. The desire to beat standards will cause super- 
visors to ask continuously for more liberal terms, 
looser standards for workers, etc. This will not be 
the case if all standards have been thoroughly and 
justly developed. 

A supervisor incentive plan is liable to cause the 
pushing of those activities which will get local and 
current results, to the neglect of other activities nec- 
essary to overall and long-term results. This can hap- 
pen only when the supervisor’s job is poorly con- 
ceived, lacking in proper measuring scales, or incor- 
rectly balanced as to coverage and weighting. 

With costs rising, both in wage rates and materials, 
it is more important than ever that every item of cost 
must yield the maximum in output. Through a well 
balanced incentive plan, the numerous efforts re- 
quired become coordinated at each level and all 
levels become integrated according to plan. Incentives 
are thus a means of developing better and more com- 
plete cost control. 

The “automatic” effect of an incentive plan can 
conserve higher operating supervision and make the 
most of staff services. The supervisor is more likely 
to take fuller responsibility by taking the initiative 
of leadership. He virtually becomes a partner in the 
business. 
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DISCUSSION 


Chairman: C. J. PrueT, McWane Cast Iron Pipe Co., Birm- 
ingham, Ala. 

Co-Chairman and Secretary: R. E. Evert, Eaton Mfg. Co., 
Foundry Div., Vassar, Mich. 

J. F. Grirrin:* Into what category (supervision or group) 
for bonus purposes would you place the “working foreman” or 
“group leader” who is sometimes considered a foreman and at 
other times considered a member of the labor force? (This 
question assumes the group that he supervises is on a group 
incentive plan). 

Mr. BoLpeN: To some extent this question calls for a 
definition of “supervisor”. Modern labor bargaining committees 
usually like to draw a definite line between supervision and 
worker—supervision is considered “company” personnel, and 
may not be a member of the bargaining unit, and also may not 
work as an operator, except in the function of instruction and 
training. 

We still find, however, the man who, back over the years, 
we called the “group leader”, “gang leader”, “lead hand”, or 
“leader”. He was usually the “old timer” who knew “all 
the jobs’, usually the best mechanic in the group—knew all the 
detail of all the operations and could skillfully perform any 
part of the job. He had no real authority, although quite often 
held responsible (by his foreman) for the general discipline 
of his group. 

We have the lead hand still; a member of the bargaining 
unit; the cooperative fellow who usually knows most of the 
answers. 

We like to think of the supervisor, however, as a member 
of the management team who has been put on that job out 
of recognition that he is fundamental supervision “timber”. 
He is not a member of the bargaining unit, although he may 
have demonstrated, initially, his leadership qualities as a rep- 
resentative of the bargaining unit. He attends “foremen’s 
meetings” and enjoys full confidence of top management as a 
potential department foreman. 

The “working foreman” or “group leader” who is a member 
of the bargaining unit and works along with his group, would 
be included in the group incentive plan applied to the group, 
with a sufficient allowance in the production standard to cover 
him. 

If he was servicing several operations, such as burning, weld- 
ing and chipping in a cleaning room, we would base his bonus 
on the average performance of the several operations, with 
reservation in regard to activity on the several operations only. 
In other words, if the activity became very low on the several 
operations, he would automatically revert to productive opera- 
tions to support his incentive earnings. 

The principle of wage incentive application would be the 
same in either case, regardless of whether the individual were 
on hourly, weekly or monthly rate. The incentive per cent 
would apply to the base rate only; any merit rate, lead hand 
pay, overtime premium, shift premium, etc., would be treated 
as adders. For example, a lead hand could have as a base rate 
$1.50/hr, plus $0.10/hr lead hand pay, plus $0.05/hr_ shift 
premium, plus $0.07/hr merit rate, for a total rate of $1.72/hr. 

For example, his incentive bonus would be 20 per cent for a 
given period, his total earned rate would then be— 


$1.50 x 120 


100 oe 
plus .22 (adder) 


$1.80 


Total earned rate $2.02 
His total earned rate should not be figured as— 


$172 x 120. 
aerate ion, Se 
100 * ’ 


CHAIRMAN Pruet: How do you determine 100% capacity? 
What steps do you take when the department is enlarged, say 
(for example) 50% in manpower and equipment? 

Mr. Bowpen: First of all, we like to think of the word as 
being “activity” rather than “capacity”. Actually, they have a 
similar meaning to the incentive administrator, but to the 


1 Wellman Bronze & Aluminum Co., Cleveland. 
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E. D. BOLDEN 


foundryman, “capacity” is the tons of castings that can be pro- 
duced in his foundry over a given period of time—usually a 
day, or a month, or a year—and sometimes with little regard 
to the labor “activity”. 

Capacity is output in tons; activity is output of labor in 
standard hours. Standard hours per ton varies considerably 
with the class of castings produced. That is why we have used 
standard hours as the common denominator for measuring activ- 
ity. 

To determine the 100 per cent activity factor for a given 
operation, group or department, a number of factors are 
considered carefully. Much depends on the latitude of di- 
versification of the work in a given foundry. 

Some foundries are highly specialized in the kind and size 
of castings they produce, while other foundries may pour 
anything from a traverse wheel knob (weighing a few ounces), 
to a 20-ton planer bed, but usually all foundries strive to 
keep things balanced. 

When all operations are in fair balance, the job of figuring 
100 per cent activity is not difficult and remains relatively 
stable. When operations cannot be fairly balanced, the activity 
factor is more difficult to set up and keep track of. 

For example, if we were to swing from a class of castings 
requiring little or no core work, to a class of castings requiring 
much core work, or vice versa, and back and forth from one 
to the other, it would be difficult to stabilize the activity 
in the core room. Such, however, is not the usual case, in spite 
of seasonal demand in some general foundries. 

So we will take, for example, a medium-sized core room 

with a normal 20 work places, which is in fair balance with 
year ‘round demand. 
' These 20 work places may be blowers, benches, trestles, jolt 
machines, or slinger stations requiring a normal complement 
oi 20 coremakers (all grades-classes). In addition to the core- 
makers we have 3 oven tenders, 4 servicemen, | sand mill man, 
8 core finishers and 2 group leaders. We, therefore, have a 
normal complement of 38 persons in the core room, all on 
productive operations, all on incentive, and all under the super- 
vision of the core room foreman. 

The normal (regularly scheduled) work week is 40 hr. 38 per- 
sons x 40 hr per person is 1520 hr. Normal absenteeism (for 
the department) is 3 per cent. 1520 hr minus 3 per cent of 
1520 hr is 1474 hr. We allow for wash-up, 0.2 hr/day per 
person, as company policy equals 38 hr week-non-productive. 
1470 hr minus 38 hr is 1436 hr. 

Five paid holidays per year, allowed by company policy, equal 
an average of 31 hr week. 1436 hr minus 31 hr is 1405 net 
hr worked. 

The normal expectancy from the worker on incentive is to 
produce 25 per cent more standard hours of work than the 
number of hours that he actually works; hence, 1405 net hr 
worked x 125 per cent (or 1405 plus 25 per cent of same) 
equals 1766 standard hr—a fair 100 per cent activity factor for 
this core room foreman. 

To answer the second part of the question—like any other 
standard used in wage incentive plans, this standard is subject 
to change with a change of conditions. 

If we build an addition on this core room to increase its 
capacity 50 per cent and equip it and man it to that extent, 
by all means change the foreman’s activity to fit the case. If 
the addition is made gradually, change the factor from month 
to month to suit the gradual change of condition. 

This may bring on another question. With the increased 
capacity, the foreman now covers more ground, does more 
work, has more responsibility—why should he not have more 
bonus? 

The answer to this is that he will have if his base rate is 
raise¢é commensurate with his added responsibilities, which is 
one of the basic attributes upon which base rate is evaluated. 


H. R. WittiaMs:*? When a supervisor is responsible for many 
fewer men than is considered a normal complement of men, 
how do you suggest the plan be modified? 


Mr. BotpeN: This is a situation which should not exit in 
a fairly balanced organization and it has not happened, know- 
ingly, in my experience. However, following fundamentals of 
standardization and wage incentive administration, I would lean 
to the axiom that incentive means “extra pay for extra effort”, 
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since the supervisor in this case, having “many fewer men than 
is considered a normal complement of men” would have little 
opportunity to display “extra effort”. 

Modifying the plan to the extent that this supervisor could 
make a bonus would be grossly unfair to the other super- 
visors. If, on the other hand, all other supervisors mutually 
agree to modifying the activity factor to suit the case, I per- 
sonally, would have no objection to such a modification. 

The best procedure, in my opinion, would be to set up the 
factors based on NORMAL and make an effort to divide the 
work more equitably among the supervisors, in order to afford 
equai opportunity for all members of the supervisor team. 

P. C. Faupei:* Is the factor “pounds per man hour” tied 
into the activity factor? What about the cost budget figure 
factor? 

Mr. BoLpEN: In this incentive plan we give no recognition 
to “pounds” or “tons” in any manner. We believe that in any 
wage incentive administration the common denominator least 
likely to go on a tangent is standard hours. (See answer to 
Mr. Pruet’s question). 

If, in your foundry, you produce but one class of casting 
and/or you have all of your jobs carefully classified, it is 
academic to get a “pounds per man hour factor” for each 
classification. 

“Pounds per man hour” based on broad averages, is often 
misleading as a basis of any type cost control or wage payment 
plan. 

The incentive plan presented here is designed with the small 
organization in mind. Hundreds of small organizations have 
no cost budget factors. We find it quite unnecessary to compli- 
cate the plan by including factors with which the majority of 
foundry supervision across the country are unfamiliar. 

Labor, being the costly commodity that it is, it is our objec- 
tive to stimulate in the supervisor the will to eliminate waste 
effort and to reduce labor costs through conservation of avail- 
able labor by getting salable production for every labor hour 
worked. Such a fundamental principle is effective, regardless 
of the size of the organization or the price of the dollar. 

The standard hour is a constant potential measure of the 
output of a given size organization and is related to “cost 
budget figures” only as the dollar value of labor is stabilized. 

H. W. Bieveretp:* Can an incentive plan for supervisors 
be based on the total bonus in his department? (Because bonus 
is only paid when the company has increase in profits). 

Mr. Bouwpen: The answer to your question is—yes. But I 
would assume from your question that you are referring to 
some sort of profit-sharing bonus plan, with which I am un- 
familiar. 

I question any plan that attempts to couple with profits, 
when sales can give the place away or where one department 
could be very efficient and all others be poor. 

We do not, however, subscribe to any form of profit-sharing 
bonus plans. Many such plans have merit and when properly 
administered, have proven successful over long periods of time, 
but many others have become defunct before they got started, 
except in war time, when the “cost plus” was “on” and adequate 
profits were assured. 

The fundamental principle of a profit-sharing plan is that 
the company will profit by the cooperative effort of every in- 
dividual in the company. Such an assumption is just not so. 

There are just so many ways that a company can or cannot 
make a profit, that such a “yard stick” cannot be used as a 
measure of productive effort. 


M. E. ANNicH: ° What experience have you had on any super- 
visory incentive based on meeting or bettering a standard of 
controllable costs? 


Mk. BoLpDEN: The incentive plan presented here infers definite- 
ly that the supervisor “meets or betters controllable costs”. And 
for the most part, costs that are controllable by the supervisor 
as an individual or as a member of a supervisory team. 

As for including any costs in the plan over which the super- 
visor is only remotely responsible, we are not in favor. 


J. I. Hocan: * In effect, the answer to budget control bonus 


2 Williams Management Engineering, Milwaukee, Wis. 
8 Aluminum Co. of America, Cleveland. 

* Ford of Canada, Windsor, Ont., Canada. 

5 American Brake Shoe Co., Mahwah, N. J. 








plan intimated that “stuffing” could be easy. Would you state 
and explain how “stuffing” is impossible under activity plan? 

Mr. Bowpen: “Stuffing”, which I take to mean a manipula- 
tion of facts and perhaps getting a little fiction into the records, 
is not impossible in the workings of any wage incentive plan. 

The inference is that there is less likelihood for the op- 
portunity to occur in which “stuffing” would prove to be profit- 
able to the supervisor by manipulating facts. 

Budget control bonus plans often contain loop holes in which 
manipulating may occur if the supervisor siezes upon the op- 
portunity to become dishonest in order to temporarily profit 
by evading the spirit of the plan. 

Co-CHAIRMAN Evert: Some managements feel that a foreman 
is only doing his job when he extends himself to run efficiently, 
and therefore no other compensation should be made. Would 
you care to comment on these two schools of thought? 

Mr. BoLpEN: The same managements who “feel’’ supervisors 
are only doing their job if and when they extend their best 
efforts, send their sales people into the field with a juicy ex- 
pense allowance and a very attractive “personal” allowance, 
(based on sales effort) over and above their drawing account 
(base pay). 

Who sells the most goods— (a) the salesman who gets $500.00 
per month—period; or (b) the salesman who has a $500.00 per 
month drawing account, plus a 3% commission on gross sales 
over $25,000.00 per month? 

Someone set a Standard on “how much” the salesman ought 
to sell to earn his base pay and “how much” he ought to get 
for extending his effort. Why not do the same for the super- 
visor? 

Mr. WiLtiAMs: *? How can you sell a supervisor on the idea 
that absenteeism will effect his bonus? What control can be 
exercised to eliminate absenteeism? 

Mr. Bowpen: The first thing you have to do, as a wage in- 
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centive administrator, is “sell” YOURSELF to the supervisor. 
He must believe in your integrity and your sense of fairness. 

First of all, there must be a fair allowance made in the activ- 
ity factor to cover normal absenteeism—absenteeism normal to 
job conditions and environment. Seyond that point, numerous 
surveys show that supervision exercises a lot of control over 
abnormal absenteeism, much of which he creates through poor 
industrial relations in his own department. 

Much absenteeism is due to safety hazards in a department, 
poor housekeeping, and general lack of discipline. The super- 
visor’s department is much as he makes it. A supervisor who 
studies the situation seriously can do much about absenteeism. 
This has proven out many times by offering “prizes” to super- 
visors for reducing to a minimum absenteeism in his group. 
We have included such a “prize” in this wage incentive plan. 


E. C. Rem: * What is the attitude of the working forces rela- 
tive to the fact that their supervisor is earning a bonus as a 
result of their increased effort and applied skill? Do they 
resent this? 

Mr. BotpeN: The supervisor who maintains a good industrial 
(human) relations in his group and is a good leader, need 
never fear the inuendo of the disgruntled worker. 

Occasionally, it has been my displeasure to hear disparaging 
remarks made by workers in regard to their foreman. Sometimes 
the resentment may run deep, but I have found this to be very 
seldom and not general throughout a group. 

It has been my pleasure to find that with good foremen, 
the men have been behind him 100 per cent; more or less a 
“one-hand-washes-the-other understanding.” 

Much of. the work of a supervisor is serving the workers. An 
incentive to the supervisor should result in better service t 
the worker and my question in answer to this question is— 
will the worker resent the better service which is to his ad- 
vantage. 
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WHY DID IT FAIL? 


By 


M. V. Herasimchuk* 


Published information on equipment failures has 
been directed, for the main part, to design engineers 
and metallurgists. In general, the plan followed in 
published papers is to list a group of case histories 
and highlight the factors responsible for failure. This 
paper also lists a group of case histories, but its 
main purpose is to present a simple procedure for 
classifying repetitive equipment failures to help foun- 
drymen make rapid analyses of their own problems. 

This paper was developed during a failure research 
program at the Bethlehem Plant of Bethlehem Steel 
Co. and has been presented by the Metallurgical 
Department to Engineering, Maintenance, Operating, 
and Manufacturing personnel. The objective of these 
presentations was to show how these five plant groups 
share the responsibility in a failure research program. 
This was done by showing clear illustrations of the 
engineering fundamentals that are involved and by 
presenting simple proofs of the causes of failure. Ex- 
cept for scope, the equipment problems in an in- 
tegrated steel plant are similar to those of the aver- 
age foundry. The similarity is seen in the following 
generalities that apply to all types of equipment. 


Components of Industrial Equipment 


It is common knowledge that the equipment de- 
sign, equipment material, and applied loads are the 
three components that affect the performance of in- 
dustrial equipment. The efiect of design and load is 
to develop stress in the material. With a proper bal- 
ance of material, design and loads foundrymen may 
expect long operating life, low maintenance cost, man- 
agement satisfaction, high morale for operators and 
maintenance men, and low accident potential. 

With an improper balance of the three compon- 
ents, foundrymen may expect repetitive failures that 
will produce short life, high maintenance cost, dis- 
satisfaction, lost production, and sometimes a high ac- 
cident potential. 

In our studies of repetitive failures we have learned 
that most failures occur when the load component 


* Assistant Metallurgical Supervisor, Bethlehem Plant, Beth- 
lehem Steel Co., Bethlehem, Pa. 
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is “normal”, i.e. the equipment is doing the job for 
which it was built. This finding convinced us that 
working loads or so-called overloads, are not often 
directly responsible for repetitive failures. Further- 
more, manufacturers seldom build equipment that is 
intentionally marginal with respect to load carrying 
ability. If overload does occur in service it may be the 
result of accidental or intentional abuse, or that poor 
estimates were made of the loading conditions. 

Thus we shall assume that applied loads are reason- 
able; this allows us to confine the subject of analyzing 
equipment failures to deciding whether the design or 
the material was principally at fault. We hope to 
show how one may decide which component requires 
study and how we have solved some typical problems 
by following the simple rules that shall be set forth. 

In demonstrations before technical personnel from 
a variety of industries, we found that a brief review 
of some basic metallurgical principles is helpful in 
clearing away some of the mystery that often is raised 
by the failure of a steel part, particularly one that 
breaks during normal service. 

First it is helpful to know that most metals can be 
broken at applied stresses that are far below the ten- 
sile strength of the material. The requirements for 
this incongruous condition are (1) repeated stresses 
and/or (2) stress concentration. Figure 1 shows the 
effect of these two factors. 
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Fig. 1—Comparison of tensile test and fatigue test for 
heat treated SAE 4140 steel. 











INGOT MOLD FOUNORY CHISELS 
ORIGINAL SIZE- * x 8” 


Fig. 3—Effect of “stress raisers” on performance of hexa- 
gon-shank chisels. 


Both curves represent the strength of heat-treated 
SAE 4140 steel. On the left (Fig. 1) is the familiar 
pattern of stress versus strain produced when a ten- 
sile-test specimen is pulled to its breaking point. On 
the right is the S-N curve that determines endurance 
limit or fatigue strength. This curve shows the effect 
of reversing the applied load, i.e. the specimen is 
first subjected to a constant bending stress, then the 
specimen is rotated so that each part of the surface 
is alternately put into tension and then into compres- 
sion. This curve represents industrial equipment in 
action more accurately than any other basic principle. 

It is clear that under ideal test conditions, SAE 4140 
steel can be broken at a stress of 75,000 psi although 
the stress-strain curve shows its tensile strength as 
150,000 psi. Even more impressive is the fact that a 
circumferential 60-degree nick on these fatigue speci- 
mens will cause them to break at an applied stress of 
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Fig. 4—Type A shank failures above retaining collar. 
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Fig. 5—Type B shank failures above retaining collar. 








Fig. 6—Type C and D shank failures below retaining 
collar. 


30,000 psi. The underlying reason for this alarming 
drop in “breaking strength” is stress concentration. 

In the foundry, the bending of a shaft, or the fail- 
ure of a lifting bar, is usually the result of violation 
of the laws of the stress-strain curve. In such cases, 
one load application can exceed the yield point or 
tensile strength of the material. Failures such as the 
breaking of armature shafts, vibrators, or pneumatic 
chisels, etc. are related to the S-N curve. In these 
cases, failure usually occurs at loads that would exert 
stresses far below the tensile strength if applied in 
direct tension. The frequency of such failures is in- 
fluenced by design factors or metallurgical factors as 
demonstrated below. 

To decide whether design factors or metallurgical 
factors are principally responsible for repetitive fail- 
ures, a suggestion is offered as the first step in an in- 
vestigation. 
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Suggestion for Analyzing Equipment Failures 


The procedure consists of marking the origin of 
the failure then measuring the distance from the 
origin to a fixed point on the affected part. When this 
procedure is carried out on two or more failures, 
the resulting information usually falls into one of 
two categories, i.e. the measurements are constant or 
the measurements vary. These conditions are a tip-off 
in which direction the investigation should proceed. 

Two Tips — If the measurements are constant, re- 
view the design factors of the affected part or of 
component parts of the assembly. If the measure- 
ments vary, review the metallurgical history of the 
affected part. For most repetitive failures in the aver- 
age foundry, these two tips will be of considerable 
help in organizing the attack on a problem. 

To show how these elementary procedures have 
helped solve some problems at the Bethlehem Plant, 
we shall review a series of case histories that might 
easily be representative of cases in the average foun- 
dry. The first case illustrates Tip No. | as it was ap- 
plied to pneumatic tool breakage. (See Fig. 2.) 

The illustration shows a typical assortment of 
pneumatic chisels and gouges that are used in clean- 
ing sand, fins, scale etc. from ingot molds. It will be 
noted that the shanks are broken off each tool. Ap- 
plying the suggestion for analyzing failures, we meas- 
ured from the origins of failure to the striking end 
of the shank. In all cases the dimension was the same. 
According to Tip No. | this was a design problem; 
stress concentration was being set up by an inade- 
quate finish at the junction of the hexagon shank 
and the collar. Naturally, the manufacturer of the 
tools was reluctant to admit that design was respon- 
sible, so to prove that it was the responsible factor, 
we intercepted a shipment of new chisels before they 
were delivered to the foundry. One half of the group 
was allowed to remain as delivered while the remain- 





Fig. 8—Axle radius before magnetic particle inspection. 
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Fig. 9—Axle radius after magnetic particle inspection. 
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Fig. 7—Cinder car axle failure. 


ing half was modified at the location of failure as 
shown in Fig. 3. 

The enlargement at the upper left shows the shape 
of the shank on one half of the chisels as delivered. 
At the top right is shown a group of these chisels 
after a few hours of service. It is apparent that they 
all broke at the end of the hexagonal shank. 

The enlargement at the lower right shows the 
modified design that was used on the remaining half 
of the chisels. Actually the design change consisted of 
grinding a 14-in. radius at the end of the shank to 
remove stress raisers, but it was deliberately ground 
undersize to dramatize the effect. At the lower left 
is a group of these modified chisels after at least three 
weeks of service. When the test was finished not a 
single modified chisel was broken whereas over 30 
per cent of the original design broke the first time 
they were in use. The remainder of these chisels sub- 
sequently broke after being redressed and returned 
to service. 

The modified design made the weakness of the 
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original design conspicuous and it was then easy to 
bring about a correction in the manufacturing pro- 
cedure that was innocently producing a defective de- 
sign. The final solution was rigid control of the ra- 
dius on the milling cutters used to machine the hexa- 
gon shank. 

This same result can be obtained on other types 
of shank failures on pneumatic tools, because in most 
cases, stress concentration is set up at changes in sec- 
tion by inadequate design or shape. Figures 4, 5 and 6 
show the four types of shank failures generally seen 
on foundry tools. 

Type A failures are similar to those in the problem 
discussed and are often found on long digging tools 
made with hexagon shanks. Long tools are often 
used for cleaning sand from castings, and must often 
be used as levers. This lever action builds up bend- 
ing stresses, hence every precaution must be taken to 
avoid stress concentration. Type B failures are those 
that occur in an inadequate radius joining the shank 
and the retaining collar. Type C failures are the 
same as Type B except that they occur in an inade- 
quate radius or in stress raisers below the retaining 
collar. Type D failures occur on the body of tools at 
stress raisers inadvertently left on tools. In Fig. 6 
showing Type D failures, the body of the digging tool 
was turned to facilitate chucking up for subsequent 
machining operations. At the end of the cut a sharp 
radius produced the same effect as the nick on the 
fatigue specimen discussed earlier, 


Problem in Design 


To this point, Tip No. 1 has been used on small 
pneumatic tools. It also applies on larger pieces of 
equipment, for example, on axles of large twin-pot 
cinder cars that haul molten slag to refuse dumps. 
Figure 7 shows a closeup of a repairman holding a 
broken journal from an axle taken from the cars. 

The seriousness of these wrecks is apparent to foun- 
drymen who are accustomed to hauling molten metal 
on cars. In our case as many as 12 of these failures 
were known to have taken place in one year. When 
investigation of this problem was requested, two 
broken axles were on hand for examination. Meas- 
urement of the distance from the point of failure to 
the end of the axles showed that the dimension was 
constant, therefore, according to Tip No. | this was 
a design problem. Some doubts were expressed by the 
operating personnel who felt that the material should 
be stronger to withstand the stresses set up on rough 
road beds on the refuse dump. 

A study of the initial design revealed that the 
1%-in. radius at the end of the journal was inadequate 
and could theoretically double applied stresses _be- 
cause of stress concentration. The theory needed visu- 
al proof of some kind for support. It occurred to the 
investigators that if the theory was correct, then both 
ends of the axles were exposed to the same stress 
levels and while only one journal had broken off, the 
“unbroken” end should be cracked. 

To prove this point, examination of the “unbrok- 
en” end was made. To the naked eye nothing was 
visible, but it was realized that incipient cracks are 
difficult to see (See Fig. 8) so the axle was magnetized 
and magnetic powder was sprinkled on the journal. 





Why Dopp Ir Fai? 


This procedure brought out new evidence that sup- 
ported the theory that failures were originating in 
the radius. The magnetic powder bridged the invisi- 
ble crack that was on the “unbroken” journal. (See 
Fig. 9.) In short order the axles were redesigned to 
incorporate a 114-in. radius to reduce stress concen- 
tration. After 4 years of service no failures have oc- 
curred in the radius. 

The same improvements can be made on shafting 
or other revolving or vibrating parts used on foundry 
equipment. 

In the preceding cases, the use of Tip No. 1 was 
helpful in isolating design problems. Now the use of 
Tip No. 2 shall be illustrated as it was applied in 
isolating metallurgical problems on small and large 
pieces of equipment. 

The operation being carried out in Fig. 10 is 
familiar to most foundrymen. The two chippers are 
descaling cast steel rolls prior to finish machining. 
For many years this operation was hazardous and ex- 
pensive because of the high rate of early breakage 
of the descaling tool. The type of failure is shown 
in Fig. 11. 

In learning about the fundamental facts about 
these failures, we measured the distance from the 








Fig. 10—Top: pneumatic tools being used to descale cast 
rolls. Bottom: closeup of tool action. 





NO BROKEN 


FREQUENCY « 











H. V. HERASIMCHUK 





Fig. 11—Pile of broken descaling chisels. 
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Fig. 12—Frequency distribution of lengths of broken 
chisels. 


origin of failure to the striking end of the chisel 
in accordance with the suggestion for analyzing fail- 
ures. The results of measuring 360 of such failures 
produced a frequency distribution (See Fig. 12) that 
immediately showed that failures did not occur at the 
same place. 

It is apparent from the chart that failures were 
confined to a zone behind the forged cutting edge 
and are distributed over a 2-in. length. Tip No. 2 
suggests that this is essentially a metallurgical or 
material problem. Our investigation revealed that 
each chisel was being subjected to bending stresses 
due to off-center impact and these bending stresses 
tended to increase behind the cutting edge due to 
the section modulus thus causing the zone-effect. 
However, the exact location of failure was dictated by 
minute irregularities in the surface layers of the 
chisels. Each chisel has on its surface an unavoidable 
decarburized skin. It is a recognized fact that decar- 
burization does not resist repeated stresses as well as 
material that is not decarburized. Thus we were faced 





Fig. 13—Top: 500 “standard” descaling chisels after 14 
days service—72% broken. Bottom: 500 “shotpeened” 
chisels after 39 days service—2% broken. 


with the problem of either removing the “decarb” or 
strengthening the part. The mos: practical solution 
seemed to lie in improving the strength so it was de- 
cided to try shot peening. By this method, the sur- 
faces of the chisel is sprayed with steel shot that 
closes any pits in the surface and induces favorable 
compressive stresses in the decarburized layer. 

The first tests were conducted on a lot of 1,000 
chisels. One half of the lot was “standard” and acted 
as a control group while the remaining half of the 
lot was shot peened to strengthen the surface layers. 
The results of the first test are shown in Fig. 13. 


Shot Peening Improves Tool Life 


Here is conclusive evidence of the effect of shot 
peening. The upper half of the photograph shows the 
performance of the “standard” tool after 14 days 
service. Note that 360 or 72 per cent were broken. 
At the bottom are the 500 shot-peened chisels after 
39 days of service. Note that only 10 chisels are brok- 
en. The marked differences in the piles of broken 
chisels and in the length of service of the two lots 
leaves little doubt about the effect of shot peening. 
But this was only the beginning of the benefits that 
were finally realized. After the results of the first 
trial, we reviewed the peening technique and after 
a minor revision, we reduced the small pile to an 
equivalent of less than 2 broken chisels per 500 tools. 
This prompted a study of the heat treatment practices 
and more savings accrued when precautionary treat- 
ments were discarded. 

When breakages were eliminated, the number of 
times the tools could be redressed was increased over 
200 per cent, thereby drastically cutting tool costs. 
In addition, the useful life of the average cutting 
edge was increased, cutting tool costs still further. 
Perhaps best of all, the accident potential associated 
with chisel breakage was practically wiped out. 

The same performance was reproduced in another 
tool familiar to foundrymen. Figure 14 shows some 
pneumatic gouges that are universally used to remove 
surface defects from castings. On the left are some 
new gouges while on the right are some new and re-' 
dressed gouges after a short period of service. At the 
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Fig. 14—Broken foundry gouges. 


bottom are shown some broken tips from these tools. 

Note that the length of the broken tip varies. Tip 
No. 2 again suggests that the principal causes are 
metallurgical factors. Again shot peening was applied 
to strengthen the as-forged surface of the gouges and 
again failures disappeared. 

Repetitive failures on large pieces of equipment 
often create situations that keep design engineers 
working overtime trying to correct problems right- 
fully belonging to the metallurgists. For example, in 
the next case many design changes were made over a 
15 year period to a set of ingot stripping tongs in an 
effort to stop repetitive failures that occurred during 
that period. 

The device shown in Fig. 15 is used to remove 
ingots from their molds. Maintenance records showed 
that under normal operating conditions these tongs 
spread as much as 9 in. then broke, The failures 
occurred at widely spaced places; some were near 
the lower ends, some were near the pins, some mid- 
way between the pins and ends, Tip No. 2 suggested 
a material investigation. A study showed that the 
metallurgical history of the carbon steel tongs was 
sound, but when the strength of the material was 
compared with the stresses that could conceivably 
be set up by what are known as “sticker” ingots, it 
became quite clear that carbon steel was inadequate. 
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Fig. 17—Shear knives for cutting structural steel sections. 


The material specifications were changed immediate- 
ly from annealed carbon steel to heat-treated alloy 
steel, and almost overnight improvement was noted. 

Figure 16 shows the first improvement. In place of 
the spreading at the gripping surfaces, the new tongs 
resist the opposing forces and maintain their shape. 
The comparison with carbon steel tongs after 9 
months of service is shown on the sketch. This re- 
sistance to spread resulted in a faster stripping oper- 
ation and has eliminated the customary periodic re- 
shaping of spread tongs. Tong assembly changes are 
fewer and no tong failures have occurred in nearly 
t years of service. 

The next case was another puzzler. It involved 
shear blades that were being used to cut cold struc- 
tural sections. (See Fig. 17.) Quite correctly, these 
blades were made of a grade of steel that normally 
works well in cold cutting. But, as is evident in the il- 
lustration, the performance was decidedly poor, re- 
sulting in high tool costs and a serious accident po- 
tential. 

Examination of the failures showed that spalls oc- 
curred at different locations, which according to Tip 
No. 2, suggests a metallurgical problem. A close study 
of the cutting action of these knives revealed that 
there was more than just simple shearing during cut- 
ting. In addition to pure shear, the knives exerted a 
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Fig. 15—Heavy duty tongs for removing ingots from 
molds. 
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folding, bending action on the coupons that had to 
be cut to separate each channel or I-beam. This fold- 
ing and bending action took place on the sides of the 
knives, and at the point of contact, severe friction 
developed and caused the surface of the knives to 
heat up. In fact, the forces of friction locally heated 
the surface of the knives up to above 700 F, or 300 
degrees over the final tempering temperature used in 
the heat treatment practice. This localized heating 
produced surface checking; the checks led to spalls, 
and the spalls were the origin for final breakage. 

It was now obvious that the cold cutting opera- 
tion was actually a hot shearing process and that the 
knives needed more heat resistance. This was accom- 
plished very simply by changing the grade of steel; 
the net results were interesting. First, the average life 
of a knife edge jumped from a few days to several 
weeks. At the end of this service, instead of being 
totally destroyed or badly damaged, the knife edges 
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were merely worn and could be completely restored 
by simple regrinding. Second, knife inventories 
changed from a state of constant turnover to a small 
constant pile that could be kept ready for use with 
very little effort. Third, downtime due to shear knife 
changes disappeared. Fourth, and perhaps most im- 
portant, safer operating conditions were established. 


Summary 


To help foundrymen in their studies of repetitive 
failures of equipment, this paper presented a simple 
procedure whereby failures could be quiekly classi- 
fied as design problems or metallurgical problems. 
By concentrating attention on the principle factor 
responsible for failure, foundrymen can eliminate 
needless repetitive failures and can show (a) appreci- 
able savings in maintenance costs, (b) increase in 
production, or (c) a reduction in accident potential. 








In August 1951, Minneapolis-Moline Co. installed 
a water curtain type cupola dust collector system. 
This paper is a brief report of our experience to 
date with that equipment. 
Equipment 

This dust collector system consists of one collector 
head for each of the two Whiting No. 9 cupolas, one 
3,000-gallon recirculative dewatering tank, and two 
20 hp, 250 gpm, sludge pumps. It is, fundamentally, 
a water curtain through which the cupola stack gases 
pass and a settling tank in which the solids, washed 
out by the water, are recovered. Protection from over- 
heating is imparted to the collector head itself by 
an interlock between the cupola blower and a maxi- 
mum temperature kick-out thermocouple located 
above the water curtain. If outgoing stack gas temper- 
ature rises above 1100 F, the cupola blower is shut 
off and cannot be started until the thermocouple tem- 
perature drops back. 


Operation and Maintenance 


Prior to installation, we had misgivings of possible 
metal department downtime due to malfunction of 
the equipment, but they have not materialized. We 
have experienced no serious, recurrent troubles with 
the system. We had pump trouble six month after 
installation by not counteracting the accumulated 
acidity of the recirculating water. The liners and im- 
pellor on one pump were excessively worn by a highly 
acid condition in the water system. This situation 
did not bring on downtime, however, as we merely 
switched over to the other sludge pump while repairs 
were made. 

Repair of both pumps was necessary within the 
first year even though, at the time of the first trouble, 
we began the addition of trisodium phosphate as a 
neutralizer. Approximately 8 lb of the material was 
added each hour to the dewatering tank, and double 
that amount was added temporarily if the pH dropped 
to 6.0. A daily check with indicator paper was 


* Foundry Engineer, Minneapolis-Moline Co., Minneapolis, 
Minn. 
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CUPOLA FLY-ASH SUPPRESSION 
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made by the melting foreman, and double-checked 
by the maintenance foreman. A pH indication of 6.5 
to 7.0 is now maintained, and acidity determinations 
are taken less often. Since the neutralization has been 
taking place, the pumps have shown no appreciable 
wear in two years of service. 

The one fault that our installation may be said to 
have stems, perhaps, from lack of height of the cupola 
stacks from charging door sill to water screen. That 
distance is about 40 ft. At times, when unusual cupo- 
la operation causes the flame to burn very high in 
the stack, we exceed the allowable stack temperature. 
Sometimes this kick-out has occurred at the strategic 
moment just before tap-out in the morning. We have 
circumvented that problem by operating both pumps 
at the same time during the pre-tap period, and 
thereby obtaining enough additional water in the 
curtain to hold the collector head temperature down. 

Originally, it was thought that stack temperature 
maximum could be set at 900 F, and for a time 
that temperature was used. However, cupola operat- 
ing conditions changed to the extent that, for short 
periods of time, we would be plagued by kick-outs, 
which would disappear as mysteriously as they had ap- 
peared. Because of that, the maximum stack gas tem- 
perature setting has been raised to 1100 F with no 
apparent harmful effects to the collector heads. 

Periodic cleaning of the underside of the collector 
heads has been necessary. It was found that if this 
were not done every two to four weeks, large pieces 
of deposited fly-ash would loosen and fall into the 
water return trough, sometimes plugging it. This 
situation, also, may be a function of our short stacks, 
and certainly is a function of the blast volume needed 
to meet production requirements. Since production 
has been lower, less cleaning has been necessary. 


Benefits 


The most striking benefit derived from this in- 
stallation has been the reduction in deterioration of 
the foundry building roof. Resurfacing of this roof, 
although badly needed in 1950 was held off for some 
time pending installation of the collectors on the as 
sumption that they would eliminate hand cleaning of 
the roof. This assumption proved essentially correct. 
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Upper section of cupola stack. Col- Top of collector head (400 Ib air/ Chute from sludge ejector to refuse 
lector heads in operation. min blast). box. 


Prior to the collector installation one man was re- 
quired for 40 hr a week, 50 weeks a year, to remove 
refuse from the roof area. It was estimated that, while 
melting about 200 tons per 16 hr, we dropped 3 to 5 
tons of fly-ash on the roof and adjacent areas. Weigh- 
ing of the material recovered from the dewatering 
tank later on revealed that 10,000 Ib were collected 
each day. Its analysis was: 

20.5% Moisture 

21.0% Combustible Material at 1800 F 

16.2% Fe 

19.75% SiO, 

22.55% Residue 
At present we spend 80 man-hours twice a year for 
roof cleanup, and part of that is due to other dirt 
sources. 

Besides drastically reducing the wear and tear on 
the roof from shoveling, scraping and picking, we 
greatly lessened weathering of the roof paper due to 
the elimination of the former cake of moisture-re- 
taining solids, and completely overcame the fire haz- 
ard from cupola sparks. In the latter case the high 
combustible content of the fly-ash coating certainly 
increased the flamability of the roof covering. A 
sample of roof scrapings taken in 1949 contained 47 
per cent combustibles. 

Working conditions for the two men of the cupola 
crew who haul coke and limestone out-of-doors, at 





Sludge pump, 20 hp, 250 gpm. 


Dewatering tank sludge ejector. 


the charging floor level, are much improved, since 
the laborers no longer are showered with fly-ash. Air 
conditioning unit filters need changing less often. 
Rain leaders show less deterioration and have less 
tendency to plug up. Building paint seems to stand up 
better. Automobiles parked in the vicinity collect 
much less corrosive dust. In fact, the general plant 
atmosphere has improved to the extent that the plant 
engineer is now able to maintain a flourishing patch 
of grass and several small flower beds 200 ft from the 
cupolas. 

The emission from the cupola collectors is a whitish 
cloud of steam and smoke, rather than the previous 
objectionable black pall. We employ a small gas torch 
at the charging opening to insure ignition of the 
stack gases. If this torch is not in operation the emis- 
sion is at times quite dark in color. 


Conclusion 


We found that, although the purchase of our 
cupola fly-ash collectors was justified primarily on the 
basis of reduction in roof maintenance and fire haz- 
ard, our overall plant houskeeping has been markedly 
simplified. The calls from the Smoke Inspector or 
irate housewives on washday have ceased. In short, 
this installation has been a step toward making a 
part of the foundry industry a better place in which 
to work and a better neighbor to the community. 


(Left) 


(Right) 








EXPERIENCE » 


Introduction 





The purpose of this report is to share with others 
some of the experiences we have had and data we 
have developed while using a comparatively inex- 
pensive cupola collector since April 1953. 

During a survey of our foundry dust problems in 
the summer of 1952, it was thought that use could 
be made of some type of collector on our 72-in. diam 
cupola, 

The particulate matter from our cupola resulted 
in complaints from our neighbors because these par- 
ticles polluted the air in our neighborhood. 

During the fall of 1952, a manufacturing company 
in Cleveland gave us our start on building and erect- 
ing a collector on our 72-in. diam cupola. 

At the time we were cleaning that portion of the 
foundry roof, which was adjacent to the cupola, as 
often as every other day, requiring from 10 to 12 
man-hours per week. The continuous cleaning of this 
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portion of the foundry roof caused damage. In ad- 
dition to the man-hours required and resultant roof 
damage there was considerable pollution of the air 
caused by the removal of this dust and cinders from 
the roof. This dust usually was blown by natural air 
drafts into the working areas inside the foundry and 
was a considerabie nuisance to the foundry personnel. 
Equipment 

Our spray-type collector consists only of a 12-ft 
diam cylinder, which has a sloped bottom which in 
turn fits the 90-in. diam cupola shell to form a pan 
that carries the return water to a 4-in. drain pipe. The 
overall height of the collector is 24 ft. The 160 gpm 
of water delivered to the collector are passed through 
three conical spray nozzles. These are located on the 
vertical centerline of the 12-ft diam cylinder and 
spaced 9 in. apart, with the lowest nozzle being lo- 
cated 42 in. down from. the top of the collector. A 
94-in. diam baffle is placed 60 in, above the top of the 
cupola and centered in the 12-ft diam cylinder. 

A 1500-gallon capacity settling tank is used to 
separate the sediment from the return water. This 
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Fig. 1—Schematic diagram of cu- 


pola dust collector and auxiliary 
equipment. 
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Fig. 2—Photo illustrates the settling tank. 


tank has a conveyor, which ejects the sediment into 
a load-lugger pan. 

A centrifugal pump with a 2-in. discharge is used 
to deliver the 160 gpm of water to the collector. This 
pump operates under a pressure of 110 psi, which 
requires approximately 30 hp. 

The water is delivered to the three nozzles (114-in. 
connection x 34-in. orifice) in a 214-in. diam pipe, and 
the return water passes through a 4-in. diam pipe to 
the settling tank. 

Figure 1 shows a schematic arrangement of this 
equipment. Figure 2 illustrates the settling tank. 
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Operating Characteristics 


This collector does not create any noticeable re- 
sistance in the cupola. We have not tried to measure 
it, since any appreciable resistance would be indicated 
by smoke and gases passing out the open charging 
door of the cupola. 

During the time of operation of this collector most 
of the trouble has developed when water has been 
sprayed into the cupola. This difficulty has recently: 
been eliminated by installing a 94-in. diam baffle 
inside the collector and 60 in. above the top of the 
cupola. 

This baffle was fabricated from mild steel and cov- 
ered with a high-temperature asbestos millboard on 
the bottom side. It probably would be better to use 
stainless steel, but we installed our baffle rather hur- 
riedly after considerable damage was incurred by our 
cupola operation as the result of excessive amounts 
of water getting into our cupola stack recently. 

We find that mist and condensing water vapor 
emitted from the cupola collector settle at a notice- 
able rate within a distance of approximately 200 ft 
from the cupola on the downwind side, this distance 
being dependent upon the wind velocity. We hope to 
reduce the nuisance effect of this water by removing 
the cap on top of the collector, since we now have 
the baffle and do not need the cap for protection 
from the weather. 

Our collector catches about 16 Ib of solids per ton 
of gray iron poured. A manufactured cupola washer, 
now on the market, catches 20 lb of solids per ton of 
iron poured. However, it is noted that our collector 
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Fig. 3—Schematic diagram of cupola and collector sampling set-up. 








uses 160 gpm of water while the comparable manu- 
factured washer uses 280 gpm. Both, our collector and 
the manufactured washer, operate with 63 psi pressure 
at the nozzles. 


Collector Efficiency and Air Pollution Tests 


Equipment was set up as shown in Fig. 2, and 
efficiency tests were run on our spray-type collector. 
The test results indicated that the efficiency on a 
weight basis varied from 45 to 84 per cent. These 
efficiency figures have a wide range, it seems, but our 
data are confirmed by the statement that “the per- 
centage by weight of the particulate matter in cupola 
emissions, which is larger than 44 microns, varies from 
47 to 86 per cent. This particulate matter is large 
enough to be collected by simple devices.” * 

The collector efficiency tests were run for about 2 
hr each day, starting about | hr after the. cupola 
blower had been started and ending about an hour 
before the cupola blower was stopped. 

The sampling rate of flow was set to be approxi- 
mately the same as the rate of flow of gases in both 
the cupola stack and collector exit at the respective 
sampling nozzles. The sampling for the tests was 
carried out simultaneously at both the cupola stack 
and the collector. The samples taken from both 
points were passed through identical test equipment 
as shown in Fig. 3. Figure 4 illustrates the instru- 
ments for cupola and collector sampling set-up. 

The grain loading per standard cubic foot of gases 
in the cupola stack varied from 0.804 to 1.44. A 
similar loading for gases being emitted from the col- 
lector varied from 0.125 to 0.792. 

The result of chemical analysis of the cupola emis- 
sions was as follows: 


Element Per Cent 
Silicon 0.250 
Manganese 0.016 
Carbon 11.320 
Iron 27.000 
Phosphorus 0.005 
Sulfur 0.050 


* Bureau of Mines, Information Circular 7627, Page 42. 


PLED AIR 


) 


(GR/SCFx10 


Fig. 5—Settlement rate of dust 
particles from emissions of 72-in. 
diam cupvia. 
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Fig. 4 — Photo illustrates instruments for 
cupola and collector sampling set-up. 


Another method was used to determine the settling 
rate of dust particles being emitted from the collector. 
This method involved the use of a high volume air 
sampler which we built in our plant.** The air 
sampler uses an 8-in. x 10-in. size glass fiber web filter. 
The air sampler was calibrated with a filter in place 
to read in cfm. of sampled air. By checking the 
weights of these individual filters before and after 
each sample was taken and using a clean filter in 
the laboratory, to determine possible moisture loss or 
gain, we determined the dust loading in grains per 
cubic feet of sampled air on the downwind side of 
the cupola, at various distances from the cupola on 
different days. Figure 5 indicates the results of these 
tests. 


Conclusions 
The advisability of using a spray-type collector on 
a cupola would depend primarily on the required 
collecting efficiency. Existing installations of manu- 
factured cupola washers have met the requirements 


** Instruction from the Environmental Health Center; 4676 
Columbia Parkway, Cincinnati 26, Ohio. 
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of the local air pollution control ordinances to date 
with the exception of the Los Angeles County Air 
Pollution Control Ordinance. 

Our spray-type cupola collector sufficiently meets 
our requirements. We have no air pollution control 
ordinance in existence in our locality. We have elim- 
inated the need for cleaning our foundry roof several 
times per week, minimizing any pollution of the air 
in the working areas of the foundry. 

There is still a certain amount of particulate mat- 
ter settling in our neighborhood as indicated by Fig. 
3, but the complaints of the home owners have de- 
creased considerably since we installed our cupola 
collector. 

Maintenance and Cost 


The maintenance of our collector consists of re- 
placing spray nozzles about every four months (360 
hr of operation) , the standard steel pipe about every 
year, unless wear-resistant piping is installed, and 
overhauling the pump about every year. This total 
maintenance cost is estimated at $400 per year. 

Since we fabricated and installed our own cupola 
collector, our cost figures would be of little value to 
others, but our completed installation cost us approxi- 
mately $5500. 
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MAXIMUM FEEDING DISTANCE 
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ABSTRACT 


It is possible to devise a single equation representing the NRL 
data for all horizontally poured castings whether plates or 
bars. 

This is:— D = 5.61 T0.528 

The equation is entirely empirical and has no meaning 
beyond representing the results obtained by the Pellini group. 
Only one observed point differs largely from the calculated 
value. 


This discussion concerns two papers from the Naval 
Research Laboratory previously published in Tran- 
sactTions of AFS under the titles “Contribution of 
Riser Chill Edge Effects to Soundness of Cast Steel 
Plates’’ by Bishop and Pellini, page 185, vol. 58 (1950) 
and “The Contributions of Riser and Casting End 
Effects to Soundness of Cast Steel Bars’’ by Bishop, 
Myskowski and Pellini, page 171, vol. 59 (1951). 

The treatment of their data by these authors in- 
volves certain anomalies which one would wish to 
clarify if possible. They express the sound length of 
plates in terms of thickness (414 T) and of bars in 
terms of the square root of thickness (6\/T). There 
is no indication of how narrow a plate must be before 
we use some power ol T other than one. 

Pellini has said that bars cannot be fed to so great 
a sound length as plates (AFS Transactions, vol. 61, 
p- 74, 1953, par. 1) but the two expressions given 
imply that for thickness somewhat less than 13/-in. 
plates should be fed for greater lengths. 

The expressions are perhaps fairly good approxima- 
tions of the observations but are not very accurate 
fits even of these observations and certainly not for 
extrapolation. Unfortunately no bars of a thickness 
less than 2 in., and no plates of a thickness greater 
than 2 in. were cast, so that a comparison of the be- 
havior of plates and bars must be based on extra- 
polation. In attempting such a comparison it was 
found that there is actually a simple relation 
(identity) between the expressions for bars and plates 
if the proper form be selected. 

The line of best fit of the form:- 

D =a T* 
is not D = 6 T®® as approximated by the N.R.L. 


group for bars but 
ae BT Oe ce (1) 





* National Malleable & Steel Castings Co., Cleveland, Ohio. 


Computing a line of the same form for plates one 
obtains (by least squares):— 


D = 5.58 T°.............. (2) 


The numerical constants of the two equations are 
so nearly alike that one is justified in treating bars 
and plates as a single universe and computing as a 
general expression— 

ee SY Ae (3) 


In Fig. 1 the values accepted by the Pellini group 
for the- maximum soundness of circular (or semi- 
circular) plates and bars are plotted against the locus 
of this equation. The agreement seems to this writer 
quite adequate, especially since the foundry engineer 
will either use a safety factor or tolerate a less rigid 
radiographic standard. 

The reader who finds difficulty in dealing with the 
0.53 power of a number may use the curves in the 
figure to find D from T or remember that (3) is 
equivalent to: 

log D = 0.7490 + 0.528 log T....... (4) 
which permits of solution by the use of a table of 
logarithms. 

The values for sound lengths reported by N.R.L. 
for plates down to 2 in. x 6 in. in cross section 
agreed with the circular plates. The 2 in. x 4-in. 
plate (or bar) did not agree with anything else or 
with the present curve. The observation requires 
further study and verification or rejection. A study 
of some thick plates would support or reject the 
present conclusion that plates and bars of equal thick- 
ness can be made sound for the same length. In this 
paper it is claimed only that a single equation fits 
all the reported observations adequately. 


From NR L dota. 


Fig. 1—Curve shows rfe- 

lationship of casting sec- 

tion thickness and feed- 
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STRESS REQUIRED TO HOT TEAR 
PLAIN CARBON CAST STEEL 


By 
U. K. Bhattacharya,* C. M. Adams, Jr.,** and H. F. Tayior*** 


ABSTRACT 


Apparatus has been developed with which it is possible to 
measure stress in a steel casting cooling under conditions of 
hindered contraction. Tearing stresses have been measured at 
temperatures ranging from 1700 F to 2500 F, for plain carbon 
steels of various compositions. Effects of deoxidation practice, 
and manganese, silicon, carbon, sulphur and phosphorus con- 
tents were studied. Metallographic studies were made of differ- 
ent types of hot tears and non-metallic inclusions. 

It was found all cast steels studied could be made to tear (by 
hindered contraction) near the solidus under very low stresses. 
Differences in tearing behavior due to composition or deoxida- 
tion practice were manifested only at temperatures below the 
solidus. 


Introduction 


During cooling in a sand mold, cast steel undergoes 
liquid, solidification and solid contraction. If the 
solid contraction is hindered, stresses tend to develop 
in the casting. Hindrance to contraction arises from 
(1) restraint due to mold and cores forming the 
casting and (2) casting design whereby contraction of 
one or more members may be restrained by other 
members of the same casting. 

When hindrance is high at elevated temperatures, 
the casting is highly stressed; if its strength is ex- 
ceeded, this stress will either cause plastic deformation 
or hot tears. Hot tears occur usually in the hottest 
part of the casting where the metal is weakest and 
least ductile. Positions of gates and risers, internal 
angles, and changes in section act as hot spots in 
castings, and are points of stress concentration; these 
positions are, therefore, more susceptible to tearing 
than other parts of the casting. 

In this report, an apparatus is described which will 
(1) assess the phenomenon of hot tearing quantita- 
tively with respect to tearing temperatures and stresses 
and (2) permit dependable, accurate comparisons of 
different steels (and of steels deoxidized difierently) 
as to susceptibility to hot tearing. 

The investigation reported herein deals chiefly with 
the metallurgical phase of hot tearing. Future work 
should include not only more studies on metallurgical 


*Research Assistant, ** Assistant Professor, and *** Pro- 
fessor, respectively, Department of Metallurgy, Massachusetts 
Institute of Technology, Cambridge, Mass. 
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variables but work on effects of mold restraint and 
casting design as well. Armed with fundamental met- 
allurgical and mechanical information, one should 
be in a position to diagnose the specific conditions 
which induce hot tearing in castings of various de- 
signs. 


Review of Work on Hot Tearing 


Much data is available on the temperature at which 
hot tearing occurs; in general, the information avail- 
able is contradictory. Kérber and Schitzkowski' show- 
ed tears occuring about 2372 F (1300 C) in steels con- 
taining from 0.15 to 0.39 per cent C. Loads required 
to tear a ““T”’ section of a steel casting at temperatures 
above 2490 F (1365 C) have been measured by Mid- 
dleton and Protheroe? for steels of several composi- 
tions (0.07 to 0.4 per cent C). 

The present authors* induced tearing by restraining 
contraction of a flanged casting after it was completely 
solidified; it was concluded tearing can occur at any 
temperature between the solidus and a lower critical 
temperature which depends upon existing conditions. 

By taking radiographs of castings during solidifica- 
tion, Bishop et al* found castings always fractured 
at temperatures slightly below the solidus. These au- 
thors suggested a liquid-film theory for the mechanism 
of hot tearing in steel similar to that advanced for 
aluminum alloys,® i.e., just below the solidus a thin 
continuous liquid film remains between dendrites of 
nearly solid metal, and tearing occurs along this in- 
tergranular film, so stresses required for tearing are 
negligible. 

Tearing will not occur once this liquid film is solidi- 
fied because the metal will then have high strength 
and ductility. This theory does not explain why cast 
steel will tear at temperatures well below the solidus. 
Bishop et al, explain the discrepancy between their 
findings and those of other investigators (who observe 
tearing well below the solidus) by claiming tempera- 
ture measurements were inaccurate to the extent of 
150-200 F; therefore, tearing actually occurred in .ll 
cases at temperatures near the solidus. 

Recently, Middleton® showed tearing occurred in 
his test when a small amount of liquid metal was 
present in the interior of the fractured zone. In Mid- 





dleton’s investigation, temperatures were measured 
using the technique developed by Bishop et al. There 
is no doubt hot tears can form when small amounts 
of liquid metal still exist in the interior of a casting. 
The controversy arises over how wide a range of tem- 
peratures such cracks can and will occur. 

Although temperature gradients, or “hot spots”, 
operating in conjunction with hindrance to contrac- 
tion are the main causes of hot tearing, metallurgical 
variables such as deoxidation practice, and sulfur and 
phosphorus contents play an important part in this 
phenomenon because they have a direct influence on 
the strength and ductility of steel at high tempera- 
tures. Middleton and Protheroe? found increasing the 
aluminum in silicon deoxidized steels increased tear 
resistance, while high sulfur and high phosphorus 
decreased it. 

The present writers showed® high sulfur not only 
lowers tear resistance, but extends the temperature 
range over which tearing may occur, Proponents of 
the liquid film theory believe sulfur and phosphorus 
extend the temperature range of the film stage, and, 
therefore, lower the tearing temperature and resist- 
ance to tearing. 


Strength of Steel at High Temperatures 


Hot tearing of steel is primarily a defect produced 
at high temperatures due to lack of sufficient ductility 
to accommodate strain induced by solid contraction. 
Ductility, as measured by a tensile test, does not re- 
flect this phenomenon accurately because ductility at 
high temperatures is related to the strain rate at 
which such tests are performed. 

High temperature and low rates of strain favor 
viscous flow at grain boundaries and give rise to 
low ductility causing intergranular brittle failure. 
Similarly, hot tearing is a manifestation of brittle frac- 
ture; in simple castings, fracture results from simple 
tensile stresses, while in complex castings, shear and 
tensile stresses combine to produce tearing. 
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Fig. 1—Strength and ductility of steel at high tempera- 
tures. 
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Hall? determined the strength and ductility of steel 
at high temperatures by pulling cast steel bars cooled 
for various time intervals after pouring. The results 
shown in Fig. 1 reveal strength increasing much more 
rapidly than ductility with decreasing temperature. 
These tensile tests were performed at a strain rate of 
0.21 in. per sec, which is rather high compared with 
the rate at which hindered contraction stresses can 
develop strain in a casting. 

It was concluded cast steel, with the exception of 
low carbon cast steel, has no ductility between the 
solidus and 2372 F (1300 C). Piwowarsky et al® made 
tensile tests by heating cast steel to high tempera- 
tures. Results of this investigation are shown in Fig. 
1. Strength values are low compared with those of 
Hall. 

Pellini® determined the strength of steel at high 
temperatures by loading castings during various states 
of solidification while cooling in sand molds. He 
found a 114-in. diam steel bar broke at a stress of 
2000 psi and showed considerable ductility (20 per 
cent reduction of area), only 60 F below the solidus. 
Hence, he concluded cast steel does not tear below 
this temperature. The strain rate with which the bars 
were pulled was of the order of | in. per sec. Tensile 
data will not explain hot tearing phenomena unless 
rates of strain are commensurate with those imposed 
by the hindered contraction which induces tearing 
in steel castings. 


Object of This Investigation 


The object of this investigation was (1) to develop 
an apparatus for determinations of temperatures and 
stresses at which hot tearing can occur in cast steel, 
and (2) to study the influence of elements such as 
manganese, silicon, sulfur and phosphorus, and the 
effect of deoxidation practice on the hot strength and 
ductility of steel. 


Experimental Procedure 

(a) Test Casting Design—The work of other in- 
vestigators,?* as well as early work at M.I.T.,3 has 
emphasized the importance of selecting a casting de- 
sign suitable for studying hot tear phenomena. To 
fully document the conditions of stress, strain, time, 
and temperature contingent upon hot tearing, the 
following design requirements must be met: 

(1). The casting must contain a test section of con- 
venient dimensions which carries the entire load im- 
posed by hindered contraction. This requirement 
excludes the use of side risers or gates on the test 
section, since these contribute indefinitely to the 
load-bearing area of the section. Furthermore, it has 
been observed side risers so increase the effective size 
of the test section that low-temperature hot tearing 
cannot occur (i.e., tearing below 2000 F). 

(2). The test section must be free of solidification 
shrinkage. 

(3). The test section must be the weakest link in 
the stressed casting. This requirement has imposed 
the most difficult design problem. Usually, the weak- 
est parts of a casting (where tearing will occur) is the 
hottest zone and requires an adjacent riser. 

(4). It must be possible to know accurately the 
temperature in the test section at the time of tearing. 
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(5). A measurable load must be self-imposed on 
the test section by hindered solid contraction, and it 
should be possible to vary the degree of restraint. 
Since it would be difficult to measure the load exerted 
by a sand mold, this source of restraint should be 
minimized. 

A design which conforms to these requirements is 
shown in Fig. 2. A flanged casting is used, and re- 
straint is imposed by rigid bars molded between the 
flanges. The significant design feature is an abrupt 
increase in the diameter of the test bar near section 
“A-A.” Tearing occurs at “A-A”; the metal is com- 
pletely sound as it is fed by the large section adja- 
cent. 





AREA IN WHICH HOT TEARS OCCUR (/.6°0IA) 
( SECTION A-A') 
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Fig. 2—Test casting and detail of load cell. 


(b) Restraining Mechanism—The restraining bars 
serve two objectives, in addition to imposing a load 
on the casting. Strain gages mounted on the bars 
are calibrated to measure the total load, in pounds, 
exerted on the casting. A gap in the restraining 
mechanism permits a measured amount of free, un- 
hindered contraction to take place before the casting 
encounters any resistance. By controlling the gap, 
the time and temperature of tearing can be varied; 
for example, a small gap encourages early, high tem- 
perature failure, and a larger gap induces low tem- 
perature failure. The restraining bars, or load cells, 
were machined from stainless spring steel, and are 
water-cooled. 

One end of each load cell is in contact with one 
flange, with the other end abutting a water-cooled 
copper chill in contact with the other flange; the gap 
between the chill and load cells is adjusted by insert- 
ing hardened steel dies, As the gap closes by contrac- 
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Fig. 3—Load vs time for a high-sulfur steel casting with 
hot tear occurring at high temperature. (4.5 min, 2490 F). 
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Fig. 4—Load vs time for a steel casting with hot tear 
occurring at low temperature. (19 min, 1730 F). 


tion of the test piece the load cells restrain the cast- 
ing and elastic compressive strains build up in these 
bars (which act as stiff springs); the casting is thus 
under tensile stresses. 

By putting hardened ball bearings at the ends of 
the cells, only axial strains are formed in these cells. 
The compressive strains in the two cells are recorded 
separately as functions of time by a Twin Channel 
Sandborn strain recorder. The cells are pre-calibrated 
in a compression testing machine and a strain versus 
load curve plotted for each cell. Knowing the strains 
developed in the cell by casting contraction, it is 
possible (using the calibration curves) to determine 
the load acting on each cell and, therefore, the stress 
imposed on the casting. 

The load cells were designed to impose as much 
as 5000 psi load on the test section (if necessary) and 
to measure accurately loads over this range. This 
arrangement far exceeds the capacity of ordinary 
spring loading, used by many investigators. 

In actual testing, the strain recorder is started as 
soon as the casting is poured. As the gap closes, strain 
on each load cell is recorded as a function of time. 
From these data, two curves are drawn showing the 











Fig. 5A (Left)—Open mold showing loca- 
tion of load cells. Fig. 5B (Above )—Mold 
assembly ready for pouring with strain 
gauge recorder in background. 


loads acting on the casting as a function of time (Figs. 
3 and 4). At lower loads the two curves coincide, but 
at higher loads differ somewhat due to slight bending 
of the casting. Rupture stress is obtained by adding 
the two load values and dividing by the cross-section 
area of the test bar at the point of tearing. Maximum 
stress in the casting is the load-bearing capacity of the 
‘steel before fracture. 

The mold is made in green sand. The load cells 
are enclosed in hollow tubes to permit freedom of 
motion before the gap is closed. Figure 5a shows 
the open mold with the load cells exposed; Figure 
5b, the mold assembly closed, ready for pouring. 

(c) Temperature Measurement—It was not con- 
sidered necessary to measure the temperature of the 
casting for each test, A careful and accurate survey 
of temperature was made using several castings, and a 
master time-temperature curve plotted. It was found 
by pouring several castings, the temperature differ- 
ence from heat to heat was less than 15 F. Since time 
is recorded automatically, the temperature of tearing 
is determined from the time-temperature curve, in- 
directly. 

Temperatures were measured using the method of 
Bishop et al.4 A platinum, platinum-13% rhodium 
thermocouple was enclosed in a 1/16-in. OD quartz 
tubing bent in the form of a square “U,” the bottom 
of the tube being about 3 in. long. The hot junction 
of the thermocouple was located at the center of the 
“U,” with the thermocouple wires coming through 
each end of the tube. This assembly was placed in 
the mold with the thermocouple bead at a depth of 
14 in. from the surface of the casting at the section 
where tearing occurred. A typical cooling curve for 
a 0.22 per cent carbon steel casting is shown in Fig. 6. 

(d) Melting—Steels were melted in a basic-lined 
induction furnace, using 40 Ib of Armco iron as the 
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charge. The general melting practice comprised de- 
oxidation with ferrosilicon and ferromanganese at 
about 2850 F (1565 C), increasing carbon content by 
addition of white iron, and finally deoxidizing with 
aluminum before tapping at 2950 F (1621 C). The 
castings were always poured at 2850 F (1565 C). Metal 
temperatures were measured with a platinum, plati- 
num-13% rhodium immersion thermocouple. Unless 
otherwise mentioned, sulfur and phosphorus contents 
were below 0.025 per cent each. When it was neces- 
sary to increase sulfur or phosphorus, iron sulphide 
or iron phosphide was added to the molten metal 
before deoxidizing with aluminum. 
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Fig. 6—Cooling curve at section of test casting where hot 
tears occur. 
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TABLE 1|—EFFECT OF RESTRAINING BAR GAP 
(TEMPERATURE OF STRESSING) ON ‘TEARING BEHAVIOR 


561 


TABLE 2—-EFFECT OF MANGANESE AND SILICON ON 
TEARING BEHAVIOR 








Temp 
Alum- Gap  F,at 
inum in which 





Chemical Addition, 0.001 gap was Tearing 
Analysis* % in. closed Temp,F Remarks 
%C — 0.21 above Load cells were 
%Mn — 0.93 0.10 nil 2600 withdrawn at 
%Si — 0.59 2600 F: 
slight tears 
%C —(0.23) above Load cells were 
%Mn —(0.80) 0.10 nil 2600 withdrawn at 
%Si —(0.40) 2600 F: 
slight tears 
%C —(0.23) above Indication of 
%Mn —(0.80) 0.10 nil 2600 ~=—tearing at 2350 
%Si —(0.40) F and at 177 
psi: Severe tears 
%C —O019 0.10 180 no Load cells were 
%Mn — 0.31 tear withdrawn at 
%Si — 0.24 2400 F before 
the gap was 
closed. Sand did 
not tear casting 
%C — 021 0.10 40 2600 Load cells were 
%Mn — 0.31 no withdrawn at 
%Si — 0.24 tear 2550 F: the 
stress at this 
temp, 55 psi. 
%C «=— 0.20 0.10 40 2610 1820 ‘Tearing stress: 
%Mn — 0.50 637 psi. 
%, psi — 0.06 


bd ' Pesenchesis indicates nominal composition. 





General Observations from Special Tests 


Results of preliminary experiments (Table 1) in- 
dicated tearing could be induced by restraining a cast- 
ing after partial or complete solidification. When 
the casting was made with the load cells placed di- 
rectly against the flanges with no gap (restraining 
an incompletely solidified casting) indication of tear- 
ing was obtained at 2350 F (1288 C) and 177 psi. But 
premature release of the load cells at 2600 F (1427 C) 
from an identical casting showed hairline tears had 
already formed on the surface of the casting. These 
cracks were about 14 in. deep. 

Since the strain recorder was not sensitive to loads 
less than 20 psi, it was inferred tearing occured below 
this level of stress and near the solidus. When, later, 
the load acting on the casting exceeded the strength 
of the uniractured zone, further tearing occured at 
2350 F (1288 C). 

However, when resistance to contraction was ap- 
plied after a casting was completely solidified (which 
was done by leaving a gay of 0.040 in. in the restrain- 
ing mechanism) tearing was indicated at 1820 F 
(993 C) and 637 psi. In this case, it was demonstrated 
tearing did not occur at any higher temperature; a 
companion casting showed no tears when the load 
cells were withdrawn at 2550 F, (1399 C). 


Hot Tearing of Low Carbon Steel— 
Effect of Composition | 


(a) Manganese and Silicon—The combined, as 
well as individual, effects of manganese and silicon 
are shown in Table 2. The heats were made as indi- 


Temp 
F, at 
gap Tearing 


Aluminum Gapin which 





Chemical addition, 0.001 was Temp, Stress, 
Analysis* % in. closed F psi Remarks 

%C — 028 £0.55 after 40 2460 1890 431 Severe 
%Mn— nil melting tears 
%Si — nil and 0.10 

before 

tapping 
%C —025 0.55 after 40 2500 1860 697 slight 
%Mn— 0.82 melting tears 
%Si — nil and 0.10 

before 

tapping 
7G — 021 0.55 after 40 2560 1930 498 slight 
%Mn— nil melting tears 
%Si — 0.32 and 0.10 

before 

tapping 
%C —(0.23) 0.55 after 40 2550 1900 642 © slight 
%Mn— (0.90) melting tears 
%Si —(0.30) and0.10 

before 

tapping 
%C —(0.23) 0.55 after 60 2440 1855 663 slight 
%Mn— (0.90) melting tears 
%Si —(0.30) and0.10 

before 

tapping 
%C — 022 0.10 40 2560 1760 642  hair- 
%Mn— 0.80 before line 
%Si — 0.82 pouring tears 
%C —023 0.10 80 2300 1840 650 slight 
%Mn— 0.94 before tears 
%Si — 0.92 pouring 


* Parenthesis indicates nominal composition. 





cated in the separate discussions. For the manganese 
and silicon series, the heats, were made as follows: 
After deoxidizing the molten iron with 0.55 per cent 
aluminum, carbon was added in the form of white 
iron, followed by additions of ferromanganese and/or 
ferrosilicon, and finally 0.1 per cent aluminum, before 
tapping. Pouring temperature was 2850 F (1565 C). 
Table 2 shows manganese increases the load-bearing 
capacity of steel; increasing silicon had no effect. 


(b) Sulfur and Phosphorus—Results in Table 3 
show both sulfur and phosphorus seriously reduced 
ductility of steel, and tearing, therefore, occurs at 
high temperatures. At these temperatures, low sulfur 
and low phosphorus steels withstood an equivalent 
load without tearing. 

Steel containing 0.08 per cent sulfur resists greater 
contraction stresses than steels with an equal amount 
of phosphorus, irrespective of whether tearing oc- 
curred at high or low temperatures. At low tempera- 
tures high-sulfur steel has the same load-bearing ca- 
pacity before fracture as low-sulfur steel. Phosphorus 
was the only element tested which lowered tearing 
resistance drastically at temperatures well below the 
solidus. 

(c) Deoxidation with Silicon and Aluminum — 
Table 4 indicates steels deoxidized with 0.1 per cent 
aluminum resists more contraction stresses before frac- 
ture than those treated with 0.025 and 0.05 per cent 
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TABLE 3—EFFECT OF SULFUR AND PHOSPHORUS ON 
TTEARING BEHAVIOR 








Alumn- ‘Temp, 
inum Gap _  F,at 
addi- in which Tearing 

Chemical tion, 0.001 gap was Temp, Stress, 

Analysis % in. closed F psi Remarks 
%C —0.18 0.10 40 2460 1900 620 Hairline tears; 
%Mn— 0.66 Pouring temp 
%Si — 0.42 not measured 
%S — 0.07 but assumed to 

be 2850 F 
%C —020 0.10 10 2650 2600 67 Casting 
%Mn— 0.29 broke apart 
%Si — 9.44 
%S — 0.087 
%C —0.19 010 10 2640 2490 192 Casting 
%Mn— 0.70 broke apart 
%Si — 0.54 
%S — 0.09 
%C —022 0.10 40 2560 2420 134 Casting 
%Mn— 0.65 broke apart 
%Si — 0.44 
%P — 0.082 
%™C —025 0.10 50 2400 1800 <540 Slight tears, 
%Mn— 0.79 load cell A 
%Si — 0.54 went out of 
%P — 0.084 order 





TABLE 4—EFFECT OF DEOXIDATION ON TEARING 





BEHAVIOR 
Alum- Temp, 
inum Gap  F,at 
addi- in which Tearing 


Chemical tion, 


0.001 gap was Temp, Stress, 





Analysis* % in. closed F psi Remarks 
%C —021 nil 10 2615 1700 645 Slight tears 
%Mn— 0.72 
%Si — 0.48 
%C —020 nil 40 2530 1840 486 Slight tears 
%Mn— 0.63 
%Si — 0.44 
%C — 0.23 0.025 40 2610 1730 565 Slight tears 
%Mn— 0.85 
%Si — 0.50 
%C — 0.23 0.025 40 2540 1850 515 Slight tears 
%Mn— 0.80 
%Si — 0.40 
%C —(0.23) 0.05 40 2500 1865 475 Slight tears 
%Mn— (0.80) 

%Si —(0.40) 

%C —(0.23) 0.05 50 2400 2030 336 Slight tears; 
%Mn— (0.80) gassy metal 
%Si — (0.40) 

%C — 019 0.10 10 2600 1730 632 = Slight tears 
%Mn— 0.83 

%Si — 0.35 

%C — 0.22 0.10 40 2540 1840 616 Slight tears 
%Mn— 0.81 

%Si — 0.39 

%C — 0.23 0.15 40 2590 1920 632 Slight tears 
%Mn— 0.96 

%Si — 0.30 

%C — 024 0.15 60 2320 1880 603 Slight tears 
%Mn— 0.90 

%Si — 0.27 

%C —022 020 40 2560 1840 635 Hairline tears 
%Mn— 0.80 

%Si — 0.47 


* Parenthesis indicates nominal composition. 
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TABLE 5——EFFECT OF DEOXIDATION WITH TITANIUM 
AND ZIRCONIUM ON TEARING BEHAVIOR 








Temp, 
F, at 
Gap which 
Deoxidizing in gap Tearing 

Chemical elements 0.001 was Temp, Stress, 

Analysis present,% in. closed F psi Remarks 
7%C —023 0.20Ti 40 2400 1760 >735 Slight tears: 
7,Mn— 0.80 & B load cell 
%Si — 052 0.10Al did not 

work 
%C —O021 0.10zr 40 2530 1810 650 Hairline 
%Mn— 0.75 & tears 
%Si — 057 0.10 Al 





TABLE 6—EFFECT OF MISCHMETAL ON 
TEARING BEHAVIOR 








Temp, 
F, at 
Gap which 
Deoxidizing in gap Tearing 
Chemical elements 0.001 was Temp, Stress, 
Analysis % in. closed F psi Remarks 

1. 
%C —017 0.10Al 10 2630 1800 462 Slight tears 
%Mn— 0.72 and 3 lb 
%Si — 0.38 mischmetal 
%S — 0.033 per ton of 

steel 
2. 
%C —013 0.10Al 40 2600 1820 >480 Slight tears; 
%Mn— 0.81 and3lb B load Cell 
%Si — 0.60 mischmetal went out of 
%S — 0.033 per ston of order 

steel 
3. 
%C —010 O0.10Al 10 2640 2475 112 Casting 
%Mn— 0.69 and3Ib broke apart 
%Si — 0.37 mischmetal 
%S — 0.089 per ton of 

steel 


1 and 2 made from remelted castings of the following composi- 
tions: %C—0.29; %Mn—0.40; %Si—0.13. 

3 made from remelted casting of the following compositions: 
%C—O0.19; %Mn—0.79; %Si—0.54; Y%S—0.09. 





aluminum. However, addition of 0.15 to 0.20 per 
cent aluminum gives essentially no further beneficial 
effect. The effect of deoxidation with silicon alone 
is not clearcut; tearing stress of silicon deoxidized 
steels exhibited pronounced variations with tempera- 
ture. 

(d) Deoxidation with Titanium and Zirconium 
Plus 0.1 Per Cent Aluminum in Each Case — Table 
5 shows a 0.2 per cent titanium addition, followed 
by aluminum was more effective in increasing the 
tearing stress of steel than 0.1 per cent aluminum 
alone 0.1 per cent zirconium, followed by aluminum, 
had little effect. 

(e) Mischmetal Added to Aluminum-Treated Steel 
— Results shown in Table 6 indicate mischmetal has 
essentially no effect in increasing the strength of steel, 
at least in the range of temperature at which tearing 
occurred in this investigation. 


Hot Tearing of Medium-Carbon Steels 
Medium-carbon steels (Table 7) resists low tempera 
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Fig. 7—Photomicrographs of in- 
clusions in steel deoxidized with 
0.10 per cent aluminum. Mag. 
—200x. (A) Contains no man- 
ganese or silicon. (B) Contains 
silicon only. (C) Contains man- 
ganese only. (D) Contains both 
manganese and silicon. 
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TABLE 7—Hot-TEARING OF MEDIUM-CARBON STEEL 





Alum- Temp, 

inum Gap F,at 

addi- in which Tearing 
Chemical tion, 0.001 gap was Temp, Stress, 


Analysis* % in. closed F psi Remarks 





%C — 0.32 0.10 40 2590 1790 666 Slight tears 
%Mn— 0.70 

%Si — 0.57 

%™C — 036 0.10 50 2460 1815 710 Hairline tears 
%Mn-- (0.90) 

%Si — (0.30) 

* Parenthesis indicates nominal composition. 








‘ R ! 
. 
4 sis 
*e,, 
in 
a . 
« 
-— -. 
ie ™ . 
j 
. 
# Rope. : 
ae e°% 
~~ ‘ 
£ ae eng 2 : 
2 te, : ‘ Cc 











Hor TEARING PLAIN CARBON CAsT STEEI 


ture tearing slightly better than low-carbon steel, but 
the difference is of no practical significance. 
Micro-examination 

Systematic micro-examinations were made to study 
the nature and distribution of non-metallic inclusions 
and their possible effect on hot tearing. Photomicro- 
graphs are shown in Figs. 7 to 10. 

Low-sulfur steels were reasonably clean. Aluminum- 
treated steels contained small amounts of inter- 
granular inclusions. High sulfur steels contained 
many chainlike intergranular inclusions. Presence 


(Lett) 
Fig. 9—Photomicrographs of in- 
clusions in steel, deoxidized with 
0.10 per cent aluminum. Mag. 
—200x. (A) Contains 0.09 per 
cent sulfur. (B) Contains 0.07 
per cent sulfur. (C) Contains 
0.07 per cent sulfur, deoxida- 
tion followed by 3 Ib/ton misch- 
metal. (D) Contains 0.08 per 
cent phosphorus. 


Px 
— (Below) 


o Fig. 10 — Photomicrographs of 
‘ inclusions in steel. Mag.—200x. 


y (A) Deoxidized with 0.1 per 


cent Zr and 0.1 per cent Al. 
fh (B) Deoxidized with 0.2 per 
cent Ti and 0.1 per cent Al. 
* (C) Deoxidized with 0.1 per 
cent Al and 3 Ib/ton of misch- 

: metal. 


ae: 
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Fig. 11—-Photomicrographs of hot tears. Unetched. Mag. 
—35x. (A) Tearing temperature above 2600 F, tearing 
stress less than 20 psi (restraint relieved at 2600 F). (B) 
Tearing temperature 1900 F, tearing stress 620 psi. 





Fig. 12—( A) Photomicrograph showing intergranular na- tear at position “2” in Fig. 11A; 200x. (C) Detail of very 
ture of a hot tear at position “1” in Fig. 11A; 200x. (B) fine tear showing failure along a primary austenite grain 
Photomicrograph showing intergranular nature of a hot boundary; 500x. 
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of high phosphorus did not change the amount and 
nature of inclusions. 

Figures 11 and 12 show the photomicrographs ot 
hot-tearing. These show cracks propagated along 
austenite grain boundaries irrespective of whether 
tearing occurred above or below 2000 F (1093 C). 


Summary 

(a) Mechanism of Hot Tearing — ‘The restraint 
causing hindered contraction was intentionally so 
severe in all tests to date that cracks developed irre- 
spective of composition and deoxidation practice ex- 
cept, of course, when load cells were purposely re- 
moved. In low-sulfur steel hot tears formed either 
above 2600 F (1427 C) or between 1900 to 1700 F 
(1038 C to 926 C). 

Hot tears will occur at any temperature within this 
range* depending upon conditions, particularly the 
elastic characteristics of the restraining mechanism. 
In the experiment described herein, circumstances of 
tearing depended upon the load cells; in practice 
_they would depend primarily upon casting configura- 
tion. This limited investigation did not show if tear- 
ing can occur below 1700 F. 

Tearing stresses shown in this investigation are not 
necessarily identical with the ultimate strength of 
steel at the particular tearing temperatures, because 
the breaking loads of steel at high temperatures de- 
pend upon the rate of straining.* But favorable agree- 
ment is found between tearing stresses recorded in this 
work and the strength data of machined bars of cast 
steel heated within the range 1750 to 1900 F (1038 
to 955 C); this was found to be 450 to 650 psi by 
Piwowarski et al.® 

Investigations of the type of deformation which 
accompanies the rupture of metals at high tempera- 
ture have shown that strain rate and temperature de- 
termine the mechanism of failure.’ Low strain rate 
and high temperature result in viscous flow at the 
grain boundaries with very little plastic deformation 
of the grains themselves. Rupture under these condi- 
tions is always intergranular and is accompanied by 
very little true elongation. (A large amount of “ap- 
parent” elongation may be the result of many cracks 
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occurring simultaneously along the stressed member 
and would not denote ductile behavior. 

Thus, the very low strain rate which obtains in a 
cooling, solid, sand casting explains the apparent 
lack of ductility which generates hot tearing. At 
higher strain rates, most of the steels tested would 
have exhibited considerable ductility.*. The photo- 
micrographs in Fig. 12 bear out the observation that 
hot tearing is invariably intergranular. 

It is quite possible, in view of the strain rates in- 
volved, that short time stress-rupture tests might bear 
a close relation to hot tearing behavior of steels. 

There is a distinct connection between the visual 
appearance of torn steel and temperature of hot tear 
formation. A tear which initiates at high temperature 
is followed by considerable further solid contraction; 
this widens the tear, making it easily visible (Fig. 13). 
On the other hand, it was found low temperature 
tears (Fig. 14) frequently could be revealed only by 
magnaflux or destructive examination. 

It is the writers’ experience that these very fine, 
hairline cracks represent a major portion of the steel 
foundryman’s hot tearing problems. This observation 
upon the appearance of tears has another corollary: 
Since mold or core restraint (if any) is probably im- 
posed on a casting immediately following solidifica- 
tion, tears so-caused would likely occur at high tem- 
perature. However, low temperature tearing would 
be more liable to result from unequal cooling of 
different sections of a casting, and so be related to 
casting design. 

(b) Composition—Manganese is more effective in 
increasing the hot strength of steel than silicon. This 
appears to be due to the alloying action of manganese 
rather than any effect on the nature of inclusions, 
since manganese gives rise to intergranular inclusions 
while silicon promotes the globular type. Intergranu- 
lar inclusions should be the more harmful type. 

Low-sulphur steel deoxidized with 0.025 to 0.050 
per cent aluminum has less ability to resist contrac- 
tion stresses than steels deoxidized with 0.1 per cent 
aluminum. However, no beneficial effect was observed 
in adding aluminum in excess of 0.1 per cent. 

High sulfur makes steel weak at elevated tempera- 





Fig. 13— Illustration of high temperature hot tear. 


Fig. 14—I Illustration of low temperature hot tear. 
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tures as a result of which this type steel is more sus- 
ceptible to tearing than low-sulfur steel. This is 
possibly due to the presence of liquid iron sulphide 
films along primary grain boundaries. Once these 
films are solidified, these steels exhibit the same 
strength as low-sulfur steels. 

Phosphorus reduces the resistance of steel to tear- 
ing more than sulfur at all temperatures. 

At low tearing temperatures, medium-carbon steel 
has practically the same strength as low-carbon steel. 
This is in agreement with the hot tensile data of 
Piwowarski, 


Conclusions 


(1). Hot tearing of steel occurs at austenite grain 
boundaries. At elevated temperatures intercrystalline 
failure results from strain concentration in the grain 
boundaries, and may be aggravated by weak or brittle 
constituents at grain boundaries. 

(2). The temperature at which tearing of cast steel 
occurs depends upon the timing and severity of resist- 
ance to solid contraction. Tearing may occur after 
complete or partial solidification. This investigation 
shows that hot-tearing can occur at a temperature as 
low as 1700 F (926 C); it is not known whether or 
not it will tear below this temperature under stresses 
encountered in practice. It is certain it will rupture 
even at room temperature if enough load is applied. 

(3). High-sulfur and high-phosphorus steels are 
weak at elevated temperatures and, therefore, more 
susceptible to tearing than ordinary commercial steel. 

(4). Deoxidation practice has some influence on the 
strength of steel. Thus, steels deoxidized with 0.025 
to 0.05 per cent aluminum showed lower tearing 
stresses than those treated with 0.10 per cent alumi- 
num, while deoxidation with 0.2 per cent titanium 
and 0.1 per cent aluminum was most effective in in- 
creasing the tearing stress. 

(5). Low temperature tears (occuring below 2000 
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F) are more dangerous than high temperature tears 
because the former are sometimes not visible and, 
hence, liable to escape detection unless examined by 
magnetic or destructive inspection. 

(6). All cast steels which were studied rupture if 
restrained at high temperatures. Differences in tearing 
behavior, which depended upon composition or de- 
oxidation practice, manifested themselves only at 
temperatures below the solidus. 
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RELATIONSHIP OF CARBON EQUIVALENT 
TO THE PROPERTIES OF CAST IRON 


By 


W. C. Jeffery,* E. E. Langner, Jr.,** W. G. Mitchell** and G. D. Azizi** 


Introduction 


Most of the pig iron produced in the South is dis- 
tinctly different from foundry pig irons produced in 
other districts. It appeared desirable, therefore, to 
determine the properties of gray cast iron made from 
both southern and northern and western pig irons. 
The main difference in the two grades of pig iron 
relates to the fact that southern foundry pig iron con- 
tains about 0.80 per cent phosphorus and northern 
foundry pig iron contains about 0.25 per cent phos- 
phorus. 

In recent years the cast iron foundryman has sought 
a formula based on chemical composition whereby 
the many properties of cast iron might be evaluated. 
In addition to the common physical properties such 
as tensile strength, transverse strength, and hardness, 
such properties as internal shrinkage, fluidity, and 
machinability have become more important. Their 
relation to chemistry would prove of value in con- 
trolling the successful production of quality iron cast- 
ings. 

“Carbon equivalent” is the formula generally used 
by foundrymen to define how close an iron is to its 
theoretical eutectic composition. In this work con- 
sideration has been given to the effect of phosphorus 
as well as silicon and the carbon equivalent, C. E. = 
% TC. + 0.3 (%Si + %P), was selected as a logical 
approach for establishing a relationship between the 
properties of cast iron and the chemical composition. 


Procedure 


A 350-lb, indirect-arc, Detroit rocking furnace lined 
with sillimanite was used to make the cast irons in 
this investigation. Charges of pig iron, ingot iron, 
and ferro-alloys of the proper proportions were made 
up in 150-lb charges. The charges were melted and 
heated to approximately 2800 F and tapped into a 
150-lb pouring ladle. 

After a charge was tapped out of the furnace the 
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temperature was measured with a Pt, 10%Rh-Pt ther- 
mocouple protected by a quartz sleeve enclosed in a 
graphite protection tube. The thermocouple in its 
protective sleeves was immersed in the melt after 
tapping and the specimens were poured when the 
temperature dropped to 2700 F. 

Optical temperature measurements taken as a check 
of the immersion pyrometer readings showed a wide 
variation and demonstrated the lack of reliability of 
the optical pyrometer. The immersion pyrometer gave 
much more accurate temperature measurements. Since 
shrinkage and fluidity are greatly influenced by pour- 
ing temperature, it was deemed vitally important 
that the pouring temperature be accurately deter- 
mined. 

The composition of the heats was varied with re- 
spect to carbon equivalent and phosphorus content. 
The silicon, manganese and sulphur contents were 
held approximately constant in most of these heats. 
Two series of compositions were used. The carbon 
equivalent was varied from 2.95 to 4.90 at two phos- 
phorus levels of approximately 0.20 and 0.75 per cent 
phosphorus respectively. See Table 1. 

Specimens were poured in the following order: 
shrinkage cube, fluidity spiral, hardness step bar, chill 
specimen and transverse bar. 


Test Specimens and Test Methods 


Shrinkage. The shrinkage specimen was a 4-in. 
cube. The cube was bottom gated with no riser in a 
dry sand core which had a 1-in. cope. The downsprue 
was 34 in. in diameter and the gate was | in. wide 
and 1% in. deep. 

To determine the internal shrinkage within the 
4-in. cube a high precision balance was constructed 
according to specifications given by Timmons in his 
article on shrinkage measurement. This balance, 
shown in Fig. 1, is based on the flexure plate prin- 
ciple and is reported to be sensitive to five milligrams 
at a load of about 7500 grams. This balance consists 
of a machined steel beam 30 in. long, 3% in. thick and 
12 in. high. The beam is supported at the center of 
gravity by a razor blade 0.006 in. thick. The sensi- 
tivity of the balance can be changed by an adjust- 
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Fig. 1—High precision balance for void volume determin- 
ation. 


able weight on a pointer attached to the beam. An 
ordinary metallurgical microscope with an objective 
of a long focal length and an eyepiece with cross- 
hairs was used to sight on a hair which was glued 
vertically to the pointer of the balance. 

The apparent volume of the 4-in. cast cube was 
determined by obtaining the weight of the specimen 
in air and in water. To determine the true specific 
gravity of the specimen, a l-in. cube free from por- 
osity was cut from the corner of the 4-in. cube and 
the true specific gravity calculated. See Table 3. 

The internal shrinkage was calculated as follows: 

(1) Vv. = W, — Wy 


(2) v4, = Wy — We 
a2. Wi Wi 
Othe => ee 

ae 
= er 


6) V7. = Vv, — V; 


V, = Apparent volume of 4-in. cube 

W, = Weight of 4-in. cube in air 

W,, = Weight of 4-in. cube in water 

v, = Volume of I-in. cube taken from 
corner of 4-in. cube 

Ww, = Weight of 1-in. cube in air 

W. = Weight of l-in. cube in water 

S. G. = Specific gravity of 1-in. cube, free 

from porosity 

Vt = Calculated true volume 

V, = Volume of internal void’ 


Fluidity. The fluidity pattern used was the modified 
Saeger and Krynitsky fluidity spiral suggested by 
Porter and Rosenthal. The fluidity mold was rammed 


from green synthetic molding sand and skin dried 
before pouring. Fluidity was measured as the total 
length of the spiral. See Table 2. 

Hardness. The hardness step bar mold was made 
from dry sand cores. The mold had four steps having 
thicknesses of 14 in., 4 in., Y% in. and % in. Each 
step was 2 in. x 2 in. in length and breadth. 

The step bar castings were ground on the top and 
bottom surfaces to obtain a smooth surface. The. 
Brinell hardness was obtained on the 4 in., 4 in. 
and 3% in. steps using a 3000-kg load. Rockwell “C” 
readings were obtained on the 14-in. step and con- 
verted to Brinell hardness. Brinell hardness measure- 
ments were also obtained on the center of the tensile 
test specimens which were machined from the bottom 
half of the broken transverse bars. See Table 2. 

Chill. The chill bar was made with a dry sand core 
mold. The chill specimen was 4 in. x 114 in. x % in, 
The dry sand core was placed on a cast iron block 
so that the chill face was that with the 34-in. x 4-in. 
dimensions. The depth of clear chill was measured 
in 32nds of an inch from the chilled face (Table 2). 

Transverse Specimen. The 21-in. long, 1.2-in. diam- 
eter transverse test bars were cast vertically in dry 
sand molds which conformed to A.S.T.M. specifica- 
tions. These test bar molds were rammed from green 
sand in a well vented, 4-in. steel pipe and then dried 
overnight at 350 - 400 F. A dry sand strainer core 
and pouring basin was placed on top of the mold to 
keep slag out of the test bar. 

The transverse strength and deflection, and tensile 
strength were determined as recommended in 
A.S.T.M. Specification A-48-46. Drill test machin- 
ability measurements were taken at the center of the 
broken tensile strength specimens. See Table 2. 

Drill Test Machinability. The drill test machin- 
ability tests were made on a standard 14-hp, V-belt 
driven drill press. A dead weight method of loading 
was used to give a constant pressure of 50 lb on the 
drill point. The pulleys were arranged to give 498 
revolutions per minute to the drill. A similar appar- 
atus was used by W. W. Austin in his work on the 
machinability of cast iron. 

The test specimen was clamped in a small vise and 
a l4-in. pilot hole was drilled to a depth of 114 in. to 
eliminate any point effect on the larger drill. Without 
moving the specimen, a sharpened 34-in. drill was set 
in place and the drill started under dead weight load- 
ing. After the drill had penetrated 4 in., the clock 
was started to measure the time required for the drill 
to penetrate exactly | in. of specimen. This penetra- 
tion was then reported as a rate, in millimeters per 
minute, to serve as a relative index of machinability. 

A freshly sharpened drill was used for each test. 
The drill, a 34-in. double fluted twist drill had a cut- 
ting angle of 135 degrees, a point angle of 118 degrees, 
and a lip clearance of 12 degrees. See Table 4. 

Results 
Relationship of C. E. Value, Tensile Strength, Transverse 
Strength, and Deflection. 

In this investigation the carbon equivalent was 

varied from 2.95 to 4.90. The relationship of carbon 



































CARBON EQUIVALENT VS PROPERTIES OF CAST IRON ; 
TABLE 1—CHEMICAL ANALYSES TABLE 2—-PHYSICAL PROPERTIES 
Heat Composition, % Carbon Transverse Deflec- Tensile Brinell Chill ‘ 
No. Si >; ken P T.C. Equivalent’ Heat Strength, tion, Strength, Hardness Depth, Fluidity, < 
No. Ib in. psi 1.2-in. Bar Wp in. in. . 
1A & 1B 2.08 0.032 050 063 271 3.52 - ¢ 
IC & 1D 247 0.109 051 064 2.64 3.57 1A 2470 240 38,900 269 22 ; 
2A & 2B 2.15 0.110 045 0.74 2.38 3.25 1B 22 ¢ 
3A & 3B 235 0.090 044 069 3.66 4.57 1C 2610 267 42,100 255 : 
4A & 4B 240 0.107 046 069 352 4.45 ID 2620 304 44,300 277 5 
5A & 5B 211 0.072 028 069 2.11 2.95 2A 2480 227° 46,200 277 12 f 
6A&6B 208 0.083 048 071 286 3.70 2B = 2580 221 41,900 269 12 F 
7A & 7B 220 0.078 049 069 3.56 4.43 3A 1430 451 17,550 i52 0 : 
8A & 8B 1.79 0.096 049 0.75 245 3.21 3B 1510 403 19,000 137 0 
9A & 9B 2.02 0.114 040 0.78 3.33 4.17 4A 1820442 28,100 207 0 
10A&10B 229 0.100 045 0.76 3.80 4.72 4B 1655 350 22,000 149 0 
HIASIIB = -2.22 0.091 0.50.74 2643.58 eS = oan 
IZAk12B = 2.110.084. S048 0.70 2.17 3.00 eZ be ee 
I3AR13B 2.230.095 0470.75 3.77 4.66 See = = ; 
14A&14B  =—-2.49 0.088 042)S17 2.15 2.95 > a =| Ss pened me 
I5ARI5B «2.190.092 0450.19 2.77 3.48 ee, come ~s a 
IGAKI6B =s-2.35 (0.090058) 0.14 Ss 3.69 4.44 4 pyoes pond 24 303, 
17A&17B 230 0072 035 015 4.16 4.90 8B 9960 284 39.900 955 24 3014 
. : . 2 : , 2 vA 
18A&18B 2.30 0.078 0.54 0.21 3.58 4.33 9A 2280 389 30,800 192 4 48 ¢ 
19A&19B 237 0.082 044 O21 3.20 3.97 OB 2470 400 32.700 9201 3 451, E 
20A&20B 231 0.078 0.35 0.18 3.24 3.99 : :. : a 
paarearald ma 0 SR pt ig “o 10A 1425 403 —- 24,000 163 0 22y, : 
pag ps = : oo ; De 10B 1710 429 22,100 152 0 1914 z 
22AK22B 244 0.092 043 0.13 2.74 3.51 . ¥ r 
11A 2315 256  — 36,900 235 x 33 ce 
23A&23B 151 0.090 059 0.13 3.94 4.43 11B 9980 983 «44.200 955 16 33 : 
24A&24B 153 0.086 059 0.17 3.46 3.97 12A 5370 939 : 321 48 24y, ', 
26A&26B 2.08 0.082 0.43 0.61 3.56 4.47 13A 21,800 159 0 15 § 
27A&27B 1.45 0.083 0.58 0.74 3.34 4.00 13B 24,600 167 0 13 E 
28AX%28B 1.79 0.086 0.54 0.74 2.84 3.60 14A 2470 167 45,100 269 20 23 4 
29A&29B 322 0.084 028 069 2.60 3.77 14B 2170 162 46,900 241 18 23 ss 
30A&30B 2.20 0.094 0.49 0.52 2.82 3.64 15A 2495 219 42,400 255 28 31 
31A&31B 221 0.097 054 0.72 3.05 3.93 15B 2500 228 48,800 248 20 31 
32A&32B 2.37 0.084 O41 0.73 341 4.35 16A 1510 327 =: 20,500 140 0 47 
33A&33B 223 0.082 047 0.75 3.34 4.24 16B 1535 307 ~—-20,700 143 6 50 
34A&34B 222 0.093 O51 O21 3.39 4,12 17A 0 124% I 
*Carbon Equivalent = %C + 0.3(%Si + %P) 17B 17,850 134 0 13 
18A 2010 377 —-23,600 159 l 454 
18B 2100 380 =: 25,500 170 3 48 e 
19A 2550 314 ~— 38,300 217 5 38 F 
19B 2580 324 38,400 223 10 39 
TABLE 3—SPECIFIC GRAVITY AND INTERNAL SHRINKAGE 20A 2480 325 34,600 223 5 38 
20B 2410 .293 36,800 212 38 $ 
True Internal 21A 2620 .284 43,600 212 5 35Y, s 
Heat Carbon Specific Shrinkage 21B 2650 .280 42,000 241 5 35 c 
No. Equivalent Gravity Cm* 22A 2470 214 42,400 255 10 3514 1 
228 43,000 241 10 331% 
Low Phosphorus Irons 23A 1440 367 —-17,550 131 6 BAY, a 
14 2.95 7.392 2.44 23B 1480 384 18,700 149 4 5614 
15 3.48 7.256 0.15 24A 2360 .292 39,300 241 16 4314 
25 3.48 7.318 1.24 248 2360 296 34,000 212 16 401% - 
21 3.73 7.227 2.82 25A 2595 .234 241 48 2914 
19 3.97 7.195 1.08 25B 2425 217 235 48 31 
20 3.99 7.168 2.44 26A 1720 = .361.—S 22,200 179 l 481/, 
34 4.12 7.153 4.12 26B 1700 = .346—s 21,100 152 l 47, 
18 4.33 7.033 2.37 27A 2510 266 37,500 212 10 36 
23 4.48 7.086 4.61 27B 2380 265 38,000 212 —_ 
17 4.90 6.932 19.67 28A 2435 .200 45,800 285 22 «= 35Y, 
High Phosphorus Irons 28B 2725 144 45,500 269 10 351% 
12 3.00 7.332 0.40 29A 43,600 285 12 
8 3.21 7.357 1.90 298 2410 401 40,600 262 14 
11 3.53 7.296 1.41 30A 2530 452 44,500 269 5 381, 
28 3.60 7.243 1.50 30B 2435 387 44,000 277 6 381, 
30 3.64 7.209 4.82 31A 2610 458 41,200 248 6 41 
2 3.77 7.194 2.98 31B 2750 454 41,650 255 7 403/, 
31 3.93 7.197 3.47 2A 1695 370 ~—-:21,900 212 6 49 
9 4.17 7.157 5.30 32B 1920 455 —- 22,200 207 45 
33 4.24 7.119 4.63 33A 27,400 187 4 47 
32 4.35 7.116 6.56 33B 2155 458  —-28,700 187 4 451% 
26 4.47 6.975 7.63 34A 2240 415 —- $2,900 207 10 40 
13 4.66 6.988 10.35 34B 2450 417 $2,500 197 5 
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30 3.4 38 42 4.6 5.0 
CARBON EQUIVALENT = %T-C-4+0-3(%Si+%P) 


Fig. 2—Relationship of carbon equivalent and tensile 
strength of cast iron. 
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3.0 3.4 38 42 46 5.0 
CARBON EQUIVALENT =%T-C-+0-3(%Si+%P) 


Fig. 3—Relationship of carbon equivalent and transverse 
strength of cast iron. 


equivalent to tensile strength, transverse strength and 
deflection is shown in Fig. 2, 3, and 4. 

The relationship of carbon equivalent and tensile 
strength, as shown in Fig. 2, indicates that the tensile 
strength of unalloyed, uninoculated cast iron in- 
creased as the C. E. value decreased from 4.9 to 3.8. 
The tensile strength of cast iron is at a maximum at 
a C. E. value of about 3.5. From a C. E. value of 


TABLE 4—Dritt Test MACHINABILITY 











Heat D.T.M. Heat D.T.M. 
No. mm/min No. mm/min 
1A 28.80 18 47.00 
IC 29.95 19 39.70 
2 30.00 20 39.00 
3 42.70 21 36.70 
4 39.00 22 31.30 
5 00.00 23 43.60 
6 33.90 24 35.90 
7 43.80 25 00.00 
8 31.60 26 46.00 
9 38.70 27 37.10 

10 44.30 28 31.60 

ll 29.90 29 33.30 

12 00.00 30 31.29 

13 39.70 31 ' 36.20 

14 30.00 $2 43.80 

15 33.70 33 37.50 

16 46.20 34 42.80 

17 45.00 
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30 3.4 3.8 4.2 4.6 5.0 
CARBON EQUIVALENT = %T-C-+0-3(%Si+%P) 


Fig. 4—Relationship of carbon equivalent and deflection 
of cast iron. 
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3.0 3.4 3.8 42 4.6 5.0 
CARBON EQUIVALENT = %T-C-+0-3(%Si+%P) 
Fig. 5—Relationship of carbon equivalent and hardness 
of cast iron. 


3.8 to 2.9, the tensile strength remained practically 
constant. 

It can be noted in Fig. 3, that the transverse 
strength increased as the C. E. value increased from a 
value of 2.9 to 3.6. The maximum transverse strength 
was obtained at a C. E. value of 3.6 to 3.8. As the 
C. E. value increased from 3.8, the transverse strength 
decreased rapidly. 

Relationship of C. E. Value and Hardness 

Figure 5 shows the relationship of carbon equiva- 
lent and hardness. Curves for the 34-in., /4-in., and 
l4-in. sections of the step bar are indicated. All curves 
have a maximum hardness at the lowest carbon equiv- 
alent value. An increase in the C. E. value from 2.9 
to 3.6 showed a sharp drop in hardness. As the C. E. 
value increased beyond this point, the hardness con- 
tinued to decrease at a more uniform rate. The 
curves, Fig. 5, clearly indicate the section sensitivity - 
of cast iron, 

In an earlier section of this paper, it was men- 
tioned that the step bar casting had four steps. The 
converted Rockwell readings obtained on the l4-in. 
step were not satisfactory. As might be expected, 
however, these converted hardness values did indi- 
cate that the curve showing the relationship of the 
C. E. value and hardness of the 14-in. step would 
lie above the curve for the 4-in. step (Fig. 5). 
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Fig. 6—Relationship of Brinell hardness and tensile 
strength of unalloyed, uninoculated cast iron. 
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3.0 3.4 38 ae ee 
CARBON EQUIVALENT = %T-C-+0.3(%Si+%P) 

Fig. 7—Relationship of carbon equivalent and chill depth 

of cast iron. 





Brinell Hardness and Tensile Strength 

Brinell hardness measurements were taken at the 
center of the tensile test specimens to determine the 
relationship of hardness and tensile strength of un- 
alloyed, uninoculated cast iron. Figure 6 is a plot of 
this relationship. From the plot it is evident that an 
increase in tensile strength was accompanied with an 
increase in hardness. As the Brinell hardness reached 
a value of 260, the tensile strength apparently stopped 
increasing. The trend of the curve seems to indicate 
that the tensile strength might decrease as hardness 
increases above a Brinell hardness number of 260 to 
280. 


Relationship of C. E. Value and Chill Depth 

The relationship of chill depth and C. E. value of 
irons produced in this investigation are shown in Fig. 
7. Although a good correlation of chill depth and 
carbon equivalent was not found, it is clear that the 
depth of chill increases as the C. E. value decreases. 
There was no appreciable chill found in irons having 
a C, E. value above 4.4. 


Relationship of C. E. Value and Fluidity 

Fluidity of molten cast iron is of great importance 
to foundries pouring thin-sectioned castings. Fluidity 
is primarily a function of composition and pouring 
temperature. In this work most of the fluidity spec- 
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3.0 3.4 3.8 42 46 5.0 
CARBON EQUIVALENT = %T-°C #0: 3(%Si*%P) 


Fig. 8—Relationship of carbon equivalent and fluidity of 
cast irons poured at 2700 F. 
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Fig. 9—Effect of pouring temperature on fluidity of a 
cast iron having a carbon equivalent value of 4.45. 


imens were poured at a temperature of 2700 F. The 
relationship of fluidity and carbon equivalent is 
shown in Fig. 8. 

Using the carbon equivalent formula, C.E. = T.C. 
+ 0.3 (Si+P), fluidity increases as the carbon equiva- 
lent increases, reaching a maximum at a C.E. value 
of 4.45. Fluidity decreases rapidly as the carbon equiv- 
alent increases above a value of 4.45. It is important 
to mention that the maximum fluidity did not occur 
at the eutectic value as was expected. 

Pouring temperature has a pronounced effect on 
fluidity. The effect of pouring temperature on an 
iron having a C.E. value of 4.45 is shown in Fig. 9. 


Relationship of C. E. Value and Internal Shrinkage 

The cause of internal shrinkage has not been clear- 
ly defined but many investigators have associated it 
with the phosphorus content of cast iron, 

In this investigation heats were selected having C.E. 
values of 2.9 to 4.9. These irons were made at phos- 
phorus levels of approximately 0.2 and 0.7 per cent. It 
was found that increasing the phosphorus content 
from 0.2 to 0.7 per cent did result in an increase in 
amount of internal shrinkage. This increase in in- 
ternal shrinkage, however, was not as great as the 
increase in internal shrinkage due to increasing car- 
bon equivalent values. 

Figure 10 shows that cast iron containing approxt 
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Low Phosphorus Cast Iron (0.13-0.21%P) 









C.E.-4.33 C.E.-4.90 
1L.S.-19.67cc 


C.E.-3.48 C.E.-3.73 C.E.-3.99 


1.S.-0.24cc 1.S.-2.52cc L.S.-2.13cc 1.8.-3.60cc 


High Phosphorus Cast Iron (0.61-0.78%P) 





C.E.-3.53 C.E.-4.17 C.E.-4.35 C.E.-4.47 C.E.-4.66 
1.S.-0.75cc 1.S.-4.70cc 1.S.-6.56cc 1.S.-7.63cc 1.S.-10.47cc 


Fig. 11—Relationship of carbon equivalent (C.E.) and internal shrinkage (I.S.) of low and high phosphorus cast 
irons. Specimens were sectioned 4-in. cubes. 








mately 0.2 per cent phosphorus has slightly less in- 
ternal shrinkage voids than a similar iron that con- 
tains approximately 0.7 per cent phosphorus. In- 
ternal shrinkage was found to increase as the carbon 
equivalent increased from 2.9 to 4.3. Beyond a C.E. 
value of 4.3, internal shrinkage increased rapidly as 
the C.E. value increased. This sharp increase in in- 
ternal shrinkage may be associated with the primary 
crystals of graphite which form in hypereutectic cast 
irons as solidification takes place. These graphite 
particles may entrap liquid metal and interfere with 
the feeding of the center of the casting. 

Hamaker, Wood and Rote attribute the forma- 
tion of void space to the entrapment of liquid metal, 
but they state that phosphide eutectic causes a wider 
freezing range and, therefore, phosphide eutectic is 
responsible for internal shrinkage. They state that 
this entrapped metal is forced out of the center of 
the casting and forms a nodule on the surface of the 
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3.0 3.4 38 4.2 46 5.0 
CARBON EQUIVALENT = %T. C.*0.3(%Si+%P) 


Fig. 10—Relationship of carbon equivalent to the internal 
shrinkage of cast iron. 
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Fig. 12—Relationship of carbon equivalent and specific 
gravity of cast iron. 


casting. They found that this nodule contained a 
high percentage of phosphorus. 

These nodules of metal on the surface of the spec- 
imens were also noticed in this investigation, but 
specimens containing low phosphorus contents ex- 
hibited this same phenomenon. 

The photographs of sectioned specimens in Fig. 11 
clearly show the quantitative results of increasing the 
carbon equivalent. Heat 17, which had a C.E. value 
of 4.90, had a maximum amount of internal shrink- 
age, almost 20 cc. The low carbon equivalent irons 
showed only a small amount of internal shrinkage. 
These data agree with Timmins who states that for 
any phosphorus content, a decrease in either silicon 
or carbon favors the production of sounder castings. 
A reduction of either silicon or carbon allows an 
increase of the other without an increase of porosity 
in the specimen. 

In this investigation, both high and low phosphorus 
cast irons contained increasing amounts of internal 
shrinkage as the carbon equivalent increased. 











* HIGH PHOSPHORUS (0.61%- 0.78%) 
*+LOW PHOSPHORUS (0.15%-0.21%) 























b 














8 















































ORILL TEST MACHINABILITY- MM/MIN. 


° 


3.0 34 38 42 46 5.0 
CARBON EQUIVALENT = %T-C- +0-3(% SI +%P) 

Fig. 13—Effect of carbon equivalent and phosphorus con- 

tent on machinability of cast iron. 


Relationship of C. E. Value and Specific Gravity 

In determining the internal shrinkage in cast irons, 
it was necessary to determine the specific gravity of 
cast irons of varying carbon equivalent values. The 
definite relationship that exists between carbon 
equivalent values and specific gravity are shown in 
Fig. 12. It was found that the specific gravity increased 
from 6.932 to 7.392 as carbon equivalent values de- 
creased from 4.90 to 2.95. 


Relationship of C. E. Value and Machinability 
Machinability as determined by the drill pene- 
tration test has been found by some investigators to 
agree closely with tool wear machinability tests. Fig. 
13 graphically illustrates the effect of carbon equiva- 
lent and phosphorus content on the machinability 
of cast iron, as determined by drill test machinability 
measurements. An increase in phosphorus content 
from 0.2 to 0.7 per cent results in a uniform lowering 
in the drill test machinability of about four milli- 
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Heat No. 7 
C.E.-4.43 Phosphorus-0.69% 
Graphite-Type A, Size 4 
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3.0 3.4 38 4.2 46 5.0 
CARBON EQUIVALENT = % T.C.+0.3(% Si +% P) 
Fig. 14—Relationship of carbon equivalent and graphite 
flake size at center of 1.2-in. test bar. 


meters per minute. This results in an average of 10 
per cent lower machinability for high phosphorus 
cast iron than that of low phosphorus cast iron at 
the same C.E. value. 

A low phosphorus cast iron, at a given C.E. value 
has the same machinability as a high phosphorus 
cast iron of 0.3 per cent higher carbon equivalent 
value. An increase of 0.2 per cent in carbon equivalent 
value results in an average increase in machinability 
of about 8.5 per cent for both high and low phos- 
phorus cast iron. The drill test machinability drops 
to zero when the iron becomes white at a carbon 
equivalent of about 3.0 per cent. 


Relationship of C. E. Value and Microstructure 

The size, shape and distribution of the graphite 
flakes in gray cast iron are probably the greatest 
factors in determining the properties of gray cast iron. 
In ordinary foundry gray cast irons, it is usually de- 
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Heat No. 16 
C.E.-4.44 Phosphorus-0.14% 
Graphite-Type B, Size 3 


Fig. 15—Comparison of graphite structure of high and iow phosphorus cast irons of comparable carbon equiva- 
lents. Unetched. Mag.—100. 
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sirable to have the graphite in uniformly distributed 
flakes. This type of graphite gives the best strength 
properties in flake graphite cast irons. 

In this investigation it was found that below a 
C.E. value of about 3.8, the graphite tends to form 
in the dendritic form, type “D” and “E.” The cast 
irons with C.E. values above 3.8 had a tendency to 
form in a random and uniform graphite distribution, 
type “A.” A fine, type “A” graphite is usually de- 
sirable in gray cast iron because of the superior 
strength properties of this type structure. 

It was noted that the flake size increases as the C.E. 
value of cast iron increases, as is illustrated in Fig. 
14. A large graphite flake size is undesirable because 
it decreases the strength of the iron. 

Phosphorus seemed to have little effect on the form 
of graphite in the low carbon equivalent irons, but 
it was noted that high phosphorus irons have a more 
uniform graphite flake size, in the irons of higher 
C.E. values, than the low phosphorus irons exhibit. 
There are fewer graphite flakes, per unit area, in the 
high phosphorus irons than in the low phosphorus 
irons at the higher C.E. values as shown in Fig. 15. 

Cast iron owes its strength to its steel-like matrix. 
This matrix can vary from a soft, weak ferritic 
structure to a strong pearlitic structure and to a hard, 
brittle structure of pearlite and cementite. In ordi- 
nary foundry operations, a completely pearlitic matrix 
is desirable because of its superior strength. However, 
where maximum machinability is desirable and high 
strength is not necessary, a completely ferritic matrix 
would be desirable because of its relative softness and 
ease of machining. 

It was evident from examining the microstructure 
of the irons produced in this investigation that the 
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3.0 3.4 3.8 42 46 5.0 
CARBON EQUIVALENT = % T.C.¢ O.3(% Si*+%P) 


Fig. 16—Relationship of carbon equivalent and percent- 
age of free ferrite in microstructure center of dry sand 
cast 1.2-in. test bar of high and low phosphorus cast irons. 


amount of free ferrite in the structures of the low 
phosphorus cast irons increased as the carbon equiva- 
lent increased. Figure 16 illustrates graphically that 
the phosphorus has a tendency to promote an almost 
completely pearlitic matrix in the high phosphorus 
cast irons, whereas, the amount of free ferrite increases 
rapidly with carbon equivalent in the low phosphorus 
irons. 

A careful study of the structures of all of the 
irons produced showed that the pearlitic structure 
in the low phosphorus irons was consistently finer 
than that of the high phosphorus irons at all C.E. 
levels. Since all other factors were constant, it ap- 
peared that phosphorus caused a coarsening of the 
pearlite in cast irons. A typical example of this 
coarsening effect of phosphorus is shown in Fig. 17, 


Heat No. 19 
Phosphorus-0.21% 


C.E.-3.97 
BHN-220 


Fig. 17—Comparison of microstructure of high and low phosphorus cast irons of comparable carbon equivalents. 
Nital etched. Mag.—500. 
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which compares the microstructure of high and low 
phosphorus cast irons of comparable carbon equiva- 
lents. 

The steadite formed small globules in the low 
phosphorus irons. In the high phosphorus irons, the 
phosphide formed a massive, interdendritic, con- 
tinuous network which is the factor most likely to 
be responsible for the somewhat lower machinability 
ratings of the high phosphorus irons. 


Conclusions 


Based on the findings of this investigation it ap- 
pears justified to state the following conclusions: 

1. The relationship of the carbon equivalent, C.E. 
= %T.C. + 0.3(%Si + %P), with the major prop- 
erties of cast iron has sufficient validity to be used 
in foundry work as an approximate formula for 
estimating these properties from the chemical com- 
position. 

2. The tensile strength of cast iron decreased as 
the carbon equivalent increased. Unalloyed, uninocu- 
lated cast iron reached a maximum tensile strength 
of about 45,000 psi at a carbon equivalent value of 3.5. 

3. At a carbon equivalent value of approximately 
3.7, the transverse strength of cast iron was at a maxi- 
mum. ‘Transverse strength decreased as the carbon 
equivalent values increased or decreased from this 
3.7 value. 

4. As the carbon equivalent value of cast iron in- 
creased, the hardness of a section size decreased. For 
a given iron, the hardness increased as the section 
size decreased. 

5. The tensile strength of cast iron increased as 
the hardness increased. A maximum strength of 
40,000 to 45,000 psi was reached at a Brinell hardness 
of 260 to 270. 

6. Cast iron had a maximum fluidity at a carbon 
equivalent value of 4.45. 

7. The internal shrinkage of cast iron increased as 
the carbon equivalent value increased. 

8. The internal shrinkage of cast iron increased by 
increasing the phosphorus content. 

9. The effect of the carbon equivalent on internal 
shrinkage was more pronounced than the effect of 
phosphorus up to 0.75 per cent phosphorus. 

10. The graphite flake size of cast iron increased 
as the carbon equivalent value increased. An increase 
of approximately 0.50 per cent in carbon equivalent 
value caused an increase of one size number in graph- 
ite flake size in the 1.2-in. bar. 

11. In general, cast irons with a carbon equivalent 
value over 3.8 tend to develop Type “A” graphite. 

12. Machinability of cast iron increased as the car- 
bon equivalent value increased. Increasing the phos- 
phorus content from 0.2 to 0.7 per cent resulted in 
a 10 per cent lower machinability for a given carbon 
equivalent iron. 

13. A low phosphorus (0.2 per cent) cast iron had 
approximately the same machinability as a high phos- 
phorus (0.7 per cent) cast iron of 0.3 per cent higher 
carbon equivalent. 

14. Phosphorus seemed to exhibit a slight carbide 
stabilizing effect on cast iron. The amount of free 
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ferrite in the microstructure of low phosphorus (0.2 
per cent) cast iron increased rapidly as the carbon 
equivalent value increased, but increased very little 
in the high phosphorus (0.7 per cent) irons as the 
carbon equivalent value increased. 

15. Phosphorus appeared to coarsen the pearlite 
in cast irons. 

16. The microstructure of cast iron is a good indi- 
cator of the machinability of cast iron. 
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Jeffery, in his presentation of the paper, compared two different 
types of cast iron. One cast iron contained 0.20 per cent 
phosphorus and the other, 0.75 per cent phosphorus. Mr. 
Jeffery illustrated that, in a 4-in. cube, a low carbon equiva- 
lent iron had less shrinkage than a high carbon equivalent 
iron. The 4-in. cubes are not good measurements of shrinkage. 
I think that this should be checked in light of the work of 
Taylor at M.I.T. on the AFS-sponsored Gray Iron Research 
Project on gating and risering of gray iron castings. 

As Mr. Jeffery presented his conclusions, he left the im- 
pression with me that he had assumed that the information 
he and the co-authors found applied to all grades of gray 
iron. This is incorrect, because the phosphorus contents that 
he was working with were higher than those used in what is 
known as cast iron of the high physical type. A 0.20% 
phosphorus iron is a high phosphorus type iron. 

MR. JEFFERY (Reply to Mr. Eagan): First, I want to emphasize, 
as I did when presenting the paper, that the results obtained 
in our investigation are for plain, uninoculated, unalloyed 
cast irons which were poured at a temperature of approximately 
2700 F. The shrinkage measurements reported in our paper 
were internal shrinkage measurements. This type of shrinkage 
is difficult to eliminate by risering as the dendritic growth of 
cast iron interferes with the proper functioning of risers. 

I may be mistaken but as I recall, the shrinkage measure- 
ments reported in Taylor’s report were for external riser 
shrinkage and no quantitative measurements were made of 
the internal shrinkage of unrisered castings. Our data revealed, 
as reported in this paper, that in the 4-in. cube test casting, 
internal shrinkage increased as the carbon equivalent of cast 
iron increased. This conclusion is in agreement with “Research 
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Report No. 108 from the Journal of Research and Development 
of The British Cast Iron Research Association” by A. A. Tim- 
mins. On page 28 of that report the following conclusion was 
reached: “The tendency for high phosphorus iron to give 
internal porosity decreases as the silicon and/or carbon con- 
tent are decreased.” 


Mr. Eagan states that the 4-in. cube is not a good measure- 
ment of shrinkage. I cannot say whether or not the 4-in. cube 
is the best specimen for measuring internal shrinkage. It has 
been used, however, by many investigators to measure internal 
shrinkage of cast iron. Hamaker, Wood and Rote in their 
paper “Internal Porosity in Gray Iron Castings,” AFS 
TRANSACTIONS, vol. 60, pp. 401-431 (1952) gave data on internal 
shrinkage using the 4-in. cube as the test specimen. The 4-in. 
cube is also the specimen recommended in the AFS booklet 
Foundry Research Projects for measuring the effect of phos- 
phorus on the solidity of gray irons and is the principal reason 
for our using the specimen. 


Mr. Eagan stated that I left the impression that the infor- 
mation contained in our paper applied to all grades of gray 
iron including high physical types. I certainly did not intend 
to leave such an impression and I stated several times during 
the presentation of the paper that the information applied 
only to plain, uninoculated, unalloyed cast irons of two phos- 
phorus levels. Most high physical irons are both inoculated 
and alloyed. As to whether or not a 0.20 per cent phosphorus 
cast iron is a low or high phosphorus iron is a matter of 
opinion. Automotive gray cast irons are generally considered 
low phosphorus cast irons and these irons contain up to 0.30 
per cent phosphorus. 
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EFFECT OF PLASTIC DEFORMATION OF HARD IRON 


ON 


SUBSEQUENT ANNEALING 


By 


W. K. Bock* 


ABSTRACT 


This work indicates that plastic deformation of white iron 
can produce increased speed of graphitization. A relation be- 
tween the amount of cold work and the effect on graphitization 
is indicated. Possible applications of the principle are discussed. 


Introduction 


If white iron is quenched drastically from above 
its critical point and subsequently annealed, it is 
found that the graphitization rate is increased and 
graphite forms on smaller and more numerous nod- 
ules. This effect of prequenching has been known for 
a long time but the mechanism is not clearly under- 
stood. One of the explanations offered to explain the 
prequenching phenomenon has been that the quench- 
ing strains may produce stresses which aid in the 
graphitization. The latter explanation is in accord 
with the work of Laszlo.* 

Laszlo had available to him some observations from 
Greenwood on the graphitization of cold-rolled 1 per 
cent carbon steel. He was able to show that the ob- 
served graphitization could be explained on the basis 
of the tensile stresses in the ferrite between carbide 
spheres. In commenting on Laszlo’s paper, Norbury 
showed that the observed graphitization could be ex- 
plained on the basis of fragmentation of manganese- 
sulphide particles. Cold rolling shattered manganese- 
sulphide particles and transported the fragments 
through the metal, thus producing many more inter- 
faces on which graphite could form. Thus one set of 
observations produces two different explanations— 
neither proven. 

The work reported in the present paper was based 
on the theory that anything which would raise the 
energy level of the white iron would be an aid in 
graphitization. It is a well established fact that of the 
energy expended in plastic deformation of metals, a 
certain part is retained by the metal, after the forces 
doing the cold work are removed, White iron is too 
brittle to deform plastically in tension, but, like any 
other metal, white iron will not fail under compres- 
sion. The simplest and most obvious method of cold 


* Manager of Metallurgical Research, National Malleable & 
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working white iron for experimental purposes, at 
least, is by means of a Brinell impression. 

Material and Methods — The material used in this 
investigation was hard iron taken from normal pro- 
duction. For most of the work the cold working was 
done by means of a Brinell machine. In attempting 
to find possible applications of the principle, plastic 
deformation was attempted by means of rolling, shot 
blasting or hammering with a falling weight. 

Except in the preliminary investigation, all the 
heat treatments were by means of shop anneals. 

Preliminary Investigation — A hard iron test bar 
was Brinelled at several points and subjected to an 
anneal which would complete the first stage graphit- 
ization, but not the intermediate stage, thus leaving 
some pearlite. This was done to make the study of 
photomicrographs easier. 

The annealing cycle was 78 hr at 900 C (1650 F), 
then cooled at 26°/C (47° F) per hour to 770 C 
(1420 F) , and then cooled at 11° C (20° F) per hour, 
to 710° C (1310 F). 

Figure | shows a cross section of the test bar, slight- 
ly magnified. The arrows indicate the approximate 
locations of the Brinell impressions, and the affected 
area under and around the impression can be seen 
clearly. 

Figure 2, at slightly greater magnification, shows 
the fineness of the graphite in the affected zone, com- 
pared to the relative coarseness of the graphite in the 
body of the piece. Examination at inigher magnifica- 
tion indicates that the volume of the material affected 
by cold working is more completely annealed, than 
the rest of the piece. 

Two interesting observations can be made from 
Figs. 1 and 2. The injunction against taking hardness 
readings any closer than three times the diameter 
of the impression is based on the famous St. Venant 
principle. The study of the affected area along the 
surface in Fig. 1 shows how well St. Venant’s prin- 
ciple is supported. Figure 2 demonstrates an anornal- 
ous condition. Mohamed and Coombs? have shown 
that the hardness, and therefore the degree of plas- 
tic flow, under a spherical impression, varies as a 
function of the distance from the surface. Figure 2, 








Fig. 1 (Above)—Cross section of test bar through Brinell 
impression. Nital etch. Mag.— 4x. 


Fig. 2 (Right)—Same as Fig. 1. Mag.—10x. 


and a study of the specimen at higher magnification, 
indicates no change in graphite size or nodule num- 
ber as a function of the depth below the surface. 
These two parameters are constant to some given 
depth and then change almost abruptly to the condi- 
tions obtaining in the body of the material. There 
is almost no transition zone between the two. 

This observation suggests that there is a threshold 
value for the amount of plastic deformation which 
will produce the effect of speeding up graphitization 
and that once this threshold value has been exceeded 
the effect occurs and perhaps further cold working 
will produce no added effect. The reason for this 
phenomenon is not clear. 


Depth of Affected Zone vs Depth of Impression — 
Application of the St. Venant principle would lead 
us to believe that the deeper the impression the deep- 
er the affected zone would be. Using different loads 
on the Brinell ball, a series of four impressions of 
varying depths were produced in hard iron and the 
material annealed in a commercial anneal. Sections 
were taken through the center of each impression, 
photographed and enlarged to a final magnification 
of approximately 50. Measurement of the depth of 
impression and the depth of the affected zone under 
the impression was made by scaling the enlargements. 
The data are plotted in Fig. 3. The dimensions given 
are actual dimensions and not the dimensions on the 
enlargement. 

As a first approximation, the straight line expresses 
a relation between depth of affected metal and depth 
of impression. However, its intercept on the vertical 
axis indicates a depth of affected zone with no im- 
pression. The more realistic condition would require 
the curve to go through the origin; that is, zero depth 
of impression produces zero depth of affected area. 
If this condition is imposed, the dotted curve of Fig. 
3 would result. If the threshold value of plastic de- 
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formation is anything but zero, the curve would have 
to bend more sharply to strike the horizontal axis 
at some finite value. 

Applications 

The dimensions given in Fig. 3 indicate quite clear- 
ly that cold working is not a practical solution to the 
method of speeding up graphitization generally. How- 
ever, there seems to be a possibility indicated of 
using the principle of cold work of hard iron to 
eliminate or minimize rims. Since pearlitic rims can 
cause so much trouble in the machine shop, the prob- 
lem might be worth investigating. 

Shot blasting has been used to produce a cold 
worked surface which would increase the fatigue re- 
sistance in cross bending. It was thought that shot 
blasting might produce sufficient plastic deformation 
to eliminate a rim or to speed graphitization near the 
surface. Accordingly, a test bar was broken in two; 
half of it was shot blasted and the two halves were an- 
nealed together. 'Jnfortunately, we could detect no 
appreciable difference in the two parts of the bar. 

Test/ bars from a single mold were obtained and 
part of them were rolled with other castings for 5 or 6 
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Fig. 4—Edge of bar not rolled. Etch—Picral. Mag.—250x. 


hr in the plant's rolling mill. These bars, together 
with the'r companion unrolled bars, were annealed in 
the plant’s furnaces and examined. Figure 4 is typical 
of the edge of the unrolled bar. Little or no graphite 
is formed near the surface and at spots the pearlite 
intrudes to the very edge. Figure 5 illustrates the 
structure at the edge or surface of the rolled test 
bar. Some graphite has been formed here, and there 
is no evidence of any pearlite. It is concluded that 
this treatment produced sufficient plastic flow near the 
surface of the test bar to cause accelerated graphitiza- 
tion. 

To investigate the possibilities of a coining opera- 
tion, a 20-lb weight was dropped on a flat block of 
hard iron. The energy of the blow was 40 ft-lb and 
exerted on approximately 5 sq in. of area. Ten blows 
were struck. Figure 6 shows the structure just unde 
the surface of an unhammered specimen, and Fig. 
7 is the structure in a corresponding spot from «4 
hammered sample. Again there seems to have been 
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Fig. 6—Edge of block not hammered. Etch—Nital. Mag. 
—150x. 
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Fig. 5—Edge of rolled bar. Etch—Picral. Mag.—250x. 


sufficient plastic deformation to produce the increased 
graphitization. 
Conclusions 

1. The thesis that graphitization rate can be in- 
creased by increasing the energy of the white iron 
system before anneal seems justified. 

2. Plastic deformation of hard iron can increase 
graphitization. The depth to which the plastic de- 
formation is effective is a function of the depth of 
the impression. 

3. There seems to be a limiting value for the 
amount of plastic deformation which is required to 
produce the increase in graphitization. 

4. Pearlitic rims may be considered as material 
which is difficult to graphitize. Plastic deformation 
can overcome this slow annealability. 
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Co-Chairman and Secretary: H. C. STONE, Belle City Malleable 
Iron Co., Racine, Wis. 

C. H. Loric (Written Discussion):+ The observation that 
graphitization of hard iron is greatly accelerated during sub- 
sequent annealing by plastic deformation is extremely inter- 
esting. Because the results of this study were based on the 
theory that anything which would raise the energy level of 
the white iron would aid graphitization, one might ask whether 
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stress from cold work remained high enough to promote 
nucleation of graphite after the iron was heated to 1650 F. 
It would seem more probable that stress and plastic deforma- 
tion were most effective during the heating up period where 
they conceivably could play an important part either in greatly 
decreasing the incubation period for graphite nuclei formation 
or in actually causing nuclei to form rapidly before first stage 
graphitization temperatures are reached. 

Normally, rapid heating produces fewer and larger graphite 
nodules in malleable iron. It would be interesting to know 
whether rapid heating, such as in a liquid-bath furnace, would 
have changed the number of graphite nuclei. Such a study 
might throw additional light on the mechanism of graphite 
nucleation in the plastically deformed metal. 

G. L. GALMisH:* We made some observations while doing 
experimental work on hot forging of white iron. This work was 
done during Sept. 1940. I believe it should be of some interest 
to repeat these observations. 

Regular test bars and wedges were heated to 1750 F and 
forged until the temperature dropped to about 1200 F. This 
operation was repeated for a total of three cycles. A microscopic 
examination revealed that the high stage anneal in the forged 
end of the bar was over 50 per cent complete, while in the 
unforged end of the same bar graphitization had hardly begun. 


1 Asst. Director, “attelle Memorial Institute, Columbus, Ohio. 
2 Chief Metallurgist, Michigan Malleable Iron Co., Detroit. 
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STUDIES OF CHILL ACTION 


By 


E. T. Myskowski,* H. F. Bishop* and W. S. Pellini** 


ABSTRACT 


Chills were applied to the center portion of long 4-in. x 4-in. 
bars cast of 0.30% C steel and the resulting changes in solidift- 
cation conditions were determined by thermal analysis. Effects 
of chill thickness and of removing the chill from direct contact 
with the casting by means of a sand spacing were investigated. 
It is demonstrated that chills which are applied directly to the 
casiing develop essentially instantaneous skin formation and 
that at the chill edge there exists a narrow zone of sharp transi- 
tion in solidification rates. This condition is considered to be 
responsible for chill-edge hot cracking. Use of a sand spacing 
causes a delay in chill action and prevents the development of 
the sharp transition zone. The general characteristics of the 
action of direct and indirect chills are discussed. 


Introduction 

Effectiveness of chills in eliminating hot spots 
which are conducive to shrinkage or hot tearing and 
in promoting directional solidification depends on 
correct usage. Through sad experience the foundry- 
man knows that incorrect usage may enlarge or dis- 
place shrinkage regions and/or develop gross hot tear- 
ing at chill edges. However, rules for correct usage are 
almost non-existent. The art may best be described 
as a hunt and try system of changing the location, size 
and shape of the chill until desired results are ob- 
tained,—all at the cost of scrap castings. 

If the use of chills is to be reduced eventually to 
a science it is essential to develop a basic understand- 
ing of the action of chills on solidifying metal. From 
this beginning it should be possible to expand to 
practical problems of chill application. 


Action of Chills 


The simplest case for study involves the action 
of chills which completely surround a casting as com- 
pared to the action of conventional sand molds, Re- 
cent studies? have provided comparative sand vs. 
chill data both as to solidification rates and mode of 
solidification. For steels the change from a sand mold 
to chill mold results in decreasing solidification times 
in the order of 80 to 90 per cent and in narrowing 
the width of the liquid plus solid band (mushy zone) 
which is developed during wall growth. In simple 


; 


* Metallurgist, Metal Processing Branch and ** Supt., Metal- 
lurgy Division, Naval Research Laboratory, Washington, D. C. 
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terms this means that the chill casting not only solidi- 
fies much more rapidly but also develops a completely 
solid skin almost immediately after solidification 
starts rather than after a long delay period such as in 
the case for sand castings. Other metals follow this 
pattern in varying degrees as described in the refer- 
ences. 

The next case with respect to simplicity of study in- 
volves the action of chills placed at casting edges, 
i.e., only one surface covered by the chill and all 
other surfaces in contact with sand. This may be 
recognized as a practical foundry case entailing the 
use of chills to promote directional solidification from 
the ends of long sections. The results of these studies* 
were disappointing in demonstrating that while chills 
cause the casting edge to solidify at the rapid rates de- 
scribed above the effect is of relatively short range. 


End Chills Thermal Effects 


Thermal effects due to the end chills essentially dis- 
appear at distances of 114 to 2 times the casting thick- 
ness as measured from the chill edge. A guiding prin- 
ciple of chill application was evolved which may be 
summarized in the statement that — to promote di- 
rectional solidification chills should be used at side 
rather than end positions. The effectiveness of side 
chills was demonstrated by increases in feeding range 
of 2 to 3 times for steel and the development of con- 
sistent pressure tightness for gun metal. The ineffec- 
tiveness of conventional end chills was demonstrated 
by minor effects in these respects.*5 

The most complicated case for study and applica- 
tion of chills concerns the effects of isolated chills 
placed on a broad expanse of solidifying metal. This 
may be recognized as the practical case of chills used 
to balance out a localized hot spot which would result 
in shrinkage and/or hot tearing. For purposes of es- 
tablishing the effects of isolated chills it is desirable 
to study simple cases such as a chill placed on a long 
plate or bar. The basic principles of the action of 
isolated chills which are evolved from such studies 
should be applicable generally to the case of hot 
spots. 

This investigation is concerned with studies of the 
action of isolated chills in direct contact with the 
casting and offset with spacings of sand. For pur- 
poses of this report these two types will be defined 
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Fig. 1—Casting and thermocouple assembly. 


as direct and indirect respectively. The effects of chill 
thickness variables for the direct type and of sand 
spacing variables for the indirect type are evaluated 
with the aim of establishing both basic information 
and guiding principles for foundry use. 


Procedures 


The action of indirect and direct chills was in- 
vestigated with a 52-in. long bar casting of 4-in. x 
4-in. section. Steel chills of 4-in. x 4-in. face dimen- 
sions were applied at the midlength of the bar. 
Thermocouples were located along the chill surface 
and the centerline of the bar. Temperatures were re- 
corded with continuous reading multipoint instru- 
ments of +2° F sensitivity. Figure 1 illustrates the 
casting and thermocouple assembly and the various 
types of chill combinations. The separation of the in- 
direct chills was accomplished with oil-bonded sand 
cores, 

A nominal Class B steel composition was used for 
these studies (.20-.30% C, .50/.70% Mn, .30/.50%Si) . 
The pouring temperature was maintained at 2950 
to 2975 F. The molding sand was of 80 AFS grain 
size and contained 4 per cent western bentonite, 114 
per cent dextrine and 4 per cent water. The same 80 
AFS sand was Londed with | per cent cereal binder, 
1 per cent linseed oil and 10 per cent water for the 
cores. 

Experimental Data 


Cooling curves of each of the individual thermo- 
couples positions were plotted to establish the time 
at which the position reached the solidus temperature 
(inverse rate solidus determined from the cooling 
curve). The data are summarized in Figs. 2 and 3 
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as plots of the time of complete solidification at vari- 
ous surface and centerline positions for each of the 
chill conditions studied. A comparison of the effects 
of direct and indirect chills is presented in Fig. 4 by 
superimposition of the curves of Figs. 2 and 3. 

For all cases studied the time of solidification at 
the center is less than for the case of a sand casting — 
this means that effects due to the chill are developed 
beyond the centerline position (thermal center dis- 
placed towards the opposite surface). Figure 5 pre- 
sents data of the movement of the solidification wave 
in a direction perpendicular to a 1T direct chill 
which illustrates this shift. As will be described, a 
chill of this thickness may be considered to develop 
a maximum possible effect (sufficient chill) hence the 
displacement (14T) of the thermal center is the 
maximum which may be obtained. 

It is noted that the rate of solidification at the 
surface opposite the chill is increased slightly due 
to the shift in the thermal center. For chills of less 
than “sufficient” thickness the effect on the opposite 
surface should be negligible. 

Figure 6 presents solidus line isochrones illustrat- 
ing the progression of solidification through the 
thickness and along the length of a 4-in. x 4-in. bar 
with a 1T direct chill. The contours were determined 
from the data of Figs. 2 and 5. 
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Fig. 2—Effect of chill thickness on time of complete 

solidification at various surface and centerline positions 

of 4-in. x 4-in. bar. Direct contact chills of 4-in. x 4-in. 
face. 
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Analysis of Data 


The data presented in Figs. 2 and 3 illustrate vari- 
ous characteristics of the two types of chills which 
should be discussed separately in the interest of 
clarity. 

Direct Chills — 

(a) Solidification at chill contact surface. A measur- 
able delay in solidification of the metal in contact 
with the chill is observed only for the 14-in. and 14- 
in. thick chills (14 and 34-minute delay respectively). 
The chill to casting thickness ratio does not appear 
to be important. 

(b) Solidification at surfaces adjacent to chill. The 
surface regions which adjoin the chill solidify at 
markedly slower rates than the surface regions which 
are covered by the chill. A sharp region of transition 
with respect to solidification rates is developed at the 
chill edge position irrespective of chill thickness (ex- 
cepting the 14-in. thick chill). This region will be 
defined as a “transition zone” for purposes of discus- 
sion. 

If a decrease in solidification time (below no chill 
case) is taken as an index of the radius of action of 
the chill, it is observed that chill effects extend from 
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Fig. 3—Effect of sand spacing on time and complete solidi- 
fication at various surface and centerline positions of 
4-in. x 4-in. bar. 
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Fig. 4—Comparison of direct and indirect chills. 


3-in. to 9-in. (34T to 214T) from the chill edge, de- 
pending on the chill thickness, It is surprising that 
the surface radius of action is only increased within 
these limits by increasing the chill thickness from 
l%-in. to 4-in. This is an example of the short range 
action which is typical of chills. 

(c) Solidification at centerline. The maximum pos- 
sible decrease in solidification time at the center is 
essentially achieved by a 14T chill; very little addi- 
tional effect is obtained by the 1T chill despite the 
increase in chill thickness from 2 to 4-in. Below 4,T 
thickness the effect of the chill falls off rapidly and at 
%4.T (1%-in.) the chill has a barely measurable effect. 

The radius of action of the chills at the center is 
approximately | in. greater than that observed at the 
surface. The increase is due to the longer time (19 
compared to 9 min) available for action at the center. 
After 9 min the surface cannot show further effects 
related to solidification, and the increasing radius 
of action of the chill along the surface could only 
be measured in terms of temperature levels below the 
solidus. 

(d) Chill Sufficiency. Sufficiency may be defined as 
the thickness of the chill above which the increase in 
chill effects while perceptible are so small as not 
to be of practical significance. From these data it is 
apparent that the specific effects must be defined to 
appraise sufficiency. If information of a solid skin is 
in question sufficiency is attained with chills of 4,T 
(\% in.) thickness. If solidification time at the center 
or through the section is in question, sufficiency is 
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sufficiency. The 1%4T generalization pertains to bar 
castings as will be discussed later. 

Indirect Chills — ‘The 1T (4 in.) chill used in the 
studies of indirect chills may be considered fully suf- 
ficient in all respects described in the previous sec- 
tion. Thus, the studies concern the effects of offsetting 
a sufficient chill from the casting with layers of sand 
of various thicknesses. The following observations 
may be made from the data presented in Fig. 3. 

(a) Solidification at surface under chill. The pres- 
ence of an insulating layer of sand prevents the es- 
sentially instantaneous freezing which occurs under 
the direct contact chill. A 4%T (1% in.) layer of sand 
delays the development of a solid skin for approxi- 
mately 2 min and a 14T (1 in.) spacing for approxi- 
mately 5 min. The delay is related to the time re- 
quired for heating through of the sand layer — with- 
in the limits of 14 in. to 1 in. spacing the delay in 
surface solidification increases roughly in the order of 
1 min per & in. of added sand. 

(b) Solidification at surfaces adjacent to chill ap- 
plication region. The sharp transition in solidification 
rates observed at the edge regions of direct chills are 
eliminated by the use of sand spacing. Even the ex- 
tremely thin, 14 in. spacing is fully effective in this 
respect. This may be represented to indicate a general 
“softening” of chill effects due to the insulating 
characteristics of sand. 

(c) Solidification at centerline. The presence of a 
spacing layer of sand greatly decreases the effect of 
the chill on the solidification time at the center. A 
%_T (\% in.) layer of sand causes an increase in 
solidification time from 6 to 12 min while 14T and 
YT (i% in. and 1 in.) layers almost eliminate the 
effect of the chill insofar as the center is concerned. 


lems related to chill application. The purpose of this 
discussion is to call the attention to these character- 
istics and to suggest practical applications. 

For applications involving the use of chills to cause 
solidification through a section in the least possible 
time it is necessary to know the minimum thickness 
of chill which is required. An example of this use is 
the application of chills to increase feeding range 
between two risers, which has been described previ- 
ously by the authors.* For this problem there are only 
two basic types of shapes which must be considered 
— plates and bars. The data of this investigation in- 
dicate that a chill of 14T thickness is fully effective 
for this purpose. 

Feeding range studies of bar castings have demon- 
strated that this is the case inasmuch as a maximum 
effect on feeding distance was reached with 14T 
chills. Feeding range studies for plate castings indi- 
cated that 1T chills were required to reach maximum 
effects. This is due to the fact that plate castings soli- 
dify more slowly than bar castings of equivalent 
thickness. For semi-plates, i.e., castings which fall be- 
tween plates and bars, intermediate chill thicknesses 
should be required. For simplification, it is suggested 
that a chill thickness equal to the casting thickness 
be used for plate-like shapes and a chill thickness 
equal to one half the casting thickness for shapes 
which closely approach bars. It should be understood 
that the chill is applied across the entire width of 
the plate or bar and that its width is equal to the 
casting thickness. 

The same rules apply equally to the case of chills 
applied to the end of castings to promote directional 
solidification. This also has been demonstrated by 
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feeding range and related thermal studies. It should be 
noted that the use of chills in this manner is effective 
only for borderline cases, i.e., feeding distance slightly 
inadequate. 

For many metals the use of chills involves a danger 
of creating hot tears in regions adjoining the chill 
edge — steel is prime example. The sharp transition 
in solidification rates observed at chill edge positions 
is responsible for this behavior. The hot tears result 
from the contraction of the solid skin under the chill 
which in effect causes a strain (movement of metal) 
in the adjoining narrow region which is in the hot 
tearing (nearly solid) range.** Figure 7 provides a 
schematic illustration of the mechanism. 

The sharp transition in solidification rates at chill 
edges is not easily controlled by variations in the 
thickness of chills. The only approach which can be 
expected to counter this undesirable condition in- 
volves the elimination of the abrupt change from 
chill to sand at the mold surface. The use of a spacing 
layer eliminates this sharp change in mold-wall heat 
transfer characteristics and provides for a smoothly 
decreasing transition in solidification rates required 
for the prevention of chill-edge hot tears. 

If chills are used in indirect fashion to prevent 
chill edge hot cracking difficulties it is of interest to 
consider whether this practice renders the chill inef- 


* Note: This is an exellent case of hot tearing which cannot 
be explained by stress effects (only by strain theory) since the 
metal in the direction away from the hot tearing region con- 
tains a high proportion of liquid hence does not permit the 
development of stress. 
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fective with respect to controlling directiona! solidi- 
fication or eliminating hot spots. Obviously, if the 
chill is intended to develop maximum effects (such 
as solidification through the thickness of the cast- 
ing) it is essential to use a minimum of sand spac- 
ing. Maximum effect chills are seriously affected by 
sand spacing as noted by the fact that a 14 in. spacing 
layer of sand increased the time of solidification at 
the center of the 4-in. x 4-in. bar from 6 to 12 min 
and a l4-in, spacing layer essentially eliminated the 
effect of the chill. It may be concluded that when the 
hot tear problem is not present maximum effect chills 
should be used in direct fashion whenever possible. 

For the case of controlling hot spots, moderate 
rather than maximum chill effects are usually desired. 
Moreover, for most cases it is not necessary to develop 
near instantaneous solidification of hot spots — in 
fact this is one of the difficulties of direct chills in 
that hot spots are changed to regions of premature 
solidification. This represents a reversal of solidifica- 
tion conditions rather than the desired equalization. 
For use at critical hot spots which occur near the 
surface (such as at corners due to pockets of confined 
hot sand) indirect chills show ideal characteristics. 
Even with relatively thick spacing layers of sand the 
solidification time at the surface is greatly decreasea 
which provides for the elimination of hot spots ol 
relatively long duration. At the same time the effects 
do not extend deeply into the casting which prevents 
undesirable blocking of feed metal paths at the cen- 
terline. 
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DISCUSSION 


Chairman: E. C. Troy, Foundry Engineer, Palmyra, N. J. 

Co-Chairman and Secretary: ]. B. Caine, Foundry Consultant, 
Cincinnati. 

Victor Pascukis:' In the “General Discussion” in the paper 
the authors state that the sharp transition from chill to sand 
cannot readily be controlled by variation in the chill thickness. 
This is hard to understand, in view of the considerable influ- 
ence of chill thickness on the effectiveness of chills. Possibly 
the combination of a direct and indirect chill might help, plac- 
ing the direct chill at the required point of rapid heat extrac- 
tion and the indirect chill adjacent to the direct one in way of 
a guard. 

Cuaries Locke:* There is a useful bit of information in 
this paper that ties in with the information in the paper en- 
titled “Heat Transfer of Various Molding Materials for Steel 
Castings” by Chas. Locke and C. W. Briggs, published in this 
volume. We now have a method of obtaining an infinite varia- 
tion of chill action with just two materials, metal chills and 
sand by varying the thickness of the sand between the metal 
chill and the casting. 

1 Columbia University, New York. 

2 Works Manager, West Michigan Stee’ Foundry Co., Muskegon, Mich. 
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R. C. SHNAy:* To what extent is the information in this 
paper limited to steel? 

Mr. Myskowski: It can be applied to similar alloys, for 
example, manganese bronze. It caunot be used for dissimilar 
alloys like tin bronze. As was shown in another paper, taper 
chills are needed for tin bronze. 

Mr. SHNAY: Can you comment on quantitative ratios, the 
distances to which the chill is effective? 

Mr. Myskowski: The T (thickness) ratios will be the same. 

Mr. SHNAY: Can you elaborate on the air gap? 

Mr. Myskowskt: The chills, as used in the drag and sides of 
the castings do not form an air gap. 

CHAIRMAN Troy: Will there be a difference in chilling action 
if the chill is in the cope? 

Mr. Myskowski: The difference probably will not be appre- 
ciable, but I am not sure. At least shot blasting, scaling, or 
copper coating the chills had no measurable effect on their 
action. 

P. V. Spooner: ‘* Is there a difference in chill action due to 
mass of chill, if the chill is separated from the casting by 4 in. 
of sand? 

Mr. Myskowski: Not if the chill is sufficient; I do not know 
if the chill is less than sufficient. 

J. A. Rassenross:* If the section is increased to say 10 in. x 
10 in. with an indirect chill, should the thickness of sand be- 
tween the chill and casting be increased proportionally? 

Mr. Myskowski: The chances are—yes. One-eighth inch of 
sand heats up fast and the solidification time increases with 
thicker sections, 


3 Dept. of Mines & Technical Surveys, Ottawa, Ont., Canada. 
4 President, Missouri Steel Castings Co., Joplin, Mo. 
5 Asst, Research Director, American Steel Foundries, East Chicago, Ind. 
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Mr. PeLunt: The time the chill comes into play is when 
the sand separating it from the casting becomes hot. Hot sand 
conducts heat three times as fast as sand at room temperature. 
With a sufficient chill, the chill can be made to come into 
action at any time desired. With an insufficient chill, the chill 
can be made to come into action at any time and then the 
chilling action can be eliminated when the chill is saturated 
with heat. The combinations are infinite. 

MEMBER: Will a coat of wash cause a decrease in the time 
the chill comes into action? 

Mr. Myskowski: We could find no difference between a 
washed and unwashed chill. 

Mr. Spooner: How much would centerline shrinkage be dis- 
placed if a chill was used on one side of a section and an in- 
sulator on the other? 

Mr. Myskowski: It would be possible to force the centerline 
to the surface opposite the chill. 

Co-CHAIRMAN CAINE: It would seem from the difference,in 
the position of the curves representing a direct contact chill 
and the one with the thinnest layer of sand that a rather thick 
coating of wash would reduce the temperature gradients at the 
edge of the chill enough to at least minimize the hot tearing 
that is so troublesome in these areas. 

Mr. Myskowski: The chances are that the gradient lines for 
a washed chill would fall closer to the line for unwashed chill 
than it would to the line representing the thinnest sand sep- 
aration. 

CHAIRMAN Troy: The best method I know to minimize hot 
tearing at the edge of a chill is to taper the chill surface next 
to the pattern, so that there is a tapered wedge of sand be- 
tween the’ area of direct contact and the unchilled area. This 
wedge of sand is hard to ram and the feathered edge of sand 
is not good, but it does minimize hot tearing. 





a -— o—_— ~~. ~e 


QS wee mee as 


w 











HEAT TRANSFER OF VARIOUS 
MOLDING MATERIALS FOR STEEL CASTINGS 


Charles Lockey, C. W. Briggs} and R. L. Ashbrook* 


It is well known that a steel casting solidifies pro- 
gressively from the mold-metal interface toward the 
center of the casting section, and that the casting 
may also solidify directionally along a casting mem- 
ber in the direction of the temperature gradients. 
The rate of progressive solidification depends on such 
variables as mold material and its moisture content, 
mold wall thickness, carbon content, and degree of 
superheat. Directional solidification depends upon 
gating, risering, chilling or insulating methods em- 
ployed, joining sections and section design. 

Both progressive and directional solidification of 
steel castings depends upon the heat transfer of the 
molding materials or mold inserts. For example, a 
cylindrical casting produced in a cast iron mold with 
a sand core would develop, in progressive solidifica- 
tion, a section having its thermal center displaced 
toward the core. Likewise, a chill placed along a 
casting member would act as a position of directional 
solidification along the casting member. 

Composite molds have been used in which differ- 
ences in thermal properties of the mold result in 
various rates of progressive as well as directional soli- 
dification. 


Control of Solidification 


Metal chills, which have long been used to con- 
trol solidification in steel castings, are an example 
of composite molds. More recently zircon sand has 
been used as a moldable chill. Although studies of 
the chilling effect of different molding materials have 
been made, the work has been limited in the number 
of materials considered. 

It was the purpose of this investigation to evalu- 
ate the heat extracting ability of a number of mater- 
ials that appeared to hold promise as molding mater- 
ials for steel castings. The solidification of a stand- 
ard casting as a function of time, served as a measure 
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of the chilling ability of the various molding mater- 
ials, The time for solidification of 6-in, steel spheres 
poured in molds of various materials was used as a 
measure of the chilling ability of that particular mold. 
The time was determined by a thermocouple at the 
center of the sphere casting. 

Prior to rating the various materials under con- 
sideration with respect to their thermal properties it 
was necessary to develop moldable mixes. 


Materials Tested 


The minerals and other products listed in Table 
1 were tested as possible molding materials. Those 
that made satisfactory molds were then rated as to 
ability to extract heat from a steel casting. 


TABLE 1—MATERIALS TESTED 





+0. Silica Sand 10. Limestone +19. Bubble 

tl. Asbestos tll. Forsterite Alumina 

2. Zonolite 12. Dolomite 20. Lightweight 

+3. Steel Blocks +13. Magnesite castable 

+4. Graphite Blocks +14. Chamotte refractory 

+5. Steel Shet +15. Rutile +21. Copper Shot 

6. Cellulose +16. Thermit-silica +22. Copper Blocks 

+7. Silicon Carbide compound 23. Cast-Iron Grit 

+8. Alumina +17. Diatomaceous 24. Perlite 

+9. Zircon Earth 25. Powdered 
+18. Chrome Ore Graphite 


+ These materials were rated as to chilling ability. 





Throughout this work, a medium-carbon cast steel 
was used. All heats were melted in an acid-lined in- 
duction furnace and prepared to give the following 
analysis: C, 0.30; Mn, 0.70; Si, 0.35; S, 0.035; and P, 
0.035 per cent. Aluminum was used as a special de- 
oxidizer at the rate of addition of 214 lb per ton of 
molten steel. 


Cooling Curves 


The sphere pattern was made to true dimensions, 
6 in. in diameter. The riser was 4 in. in diameter 
and 3 in. high. The flasks were 14 in, square with 
7-in, drag and cope. This permitted 4 in. of molding 
material to surround the sphere. 

The hot junction of a platinum-platinum 13 per 
cent rhodium thermocouple was placed at the center 
of the 6-in. sphere mold of the material being tested. 
It was shielded by a quartz tube whose OD was 14 in. 
and ID, % in. The bore of the tube was initially 








Fig. 1—Graphite block mold. Note quartz tube for hold- 
ing hot junction of thermocouple at center of sphere. 
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Fig. 2A (Upper) and Fig. 2B (Lower)—Cooling curves at 
center of 6-in. diam sphere produced in various materials. 
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placed 14 in. lower tnan the center of the sphere, 
because there was a tendency for the quartz tube to 
be displaced upward when softened by the molten 
metal surrounding it. In this way, the final location 
of the hot junction was close to the center of the 
sphere. 

The two wires of the couple extended from oppo- 
site sides of the casting. This method was used to 
obtain maximum accuracy of temperature readings. 
Figure 1 shows the thermocouple arrangement in a 
block graphite mold. 

The thermocouple was connected to a Brown six- 
point electronic recorder running at chart speed of 
2 in. per minute. The recorder was started before 
the casting was poured and operated until the tem- 
perature at the center of the sphere had dropped be- 
low 2500 F. Representative curves for all the materi- 
als tested are shown in Figs, 2a and 2b, the data of 
which are recorded in Table 2. 

It was possible to measure from the cooling curve 
the time for the center of a sphere to reach a given 
temperature. The time required to reach the solidus 
temperature (2670 F) was used as a measure of the 
chilling ability of the mold. 

A graphical comparison of the chilling ability of 
the usable materials tested is presented in Fig. 3. 


TaBLe 2—Coo.inc Curve REsULTs 
Arranged in Decreasing Order of Chilling Ability 
Solidification 
Pouring Mix Time, min 
Temp, F No. Rec. Cor.t 





Mold Material (for entire 
mold except where noted) 





Copper Chill—3 in. thick 2770 $.75 42 
Steel Chill—114 in. thick 2790 3.9 4.3 
Graphite 2790 4.5 5.1 
Copper Shot—l14 in. thick 2840 21-1 6.0 6.3 
Steel Shot 2880 5-1 9.2 9.0 
Steel Shot—ll4 in. thick 2850 5-1 9.2 9.4 
Silicon Carbide 2920 7-1 11.1 10.4 
Magnesite 2970 oi Ws He 
Alumina 2860 8-2 12.0 12.1 
Alumina 2800 8-2 11.1 12.2 
Chrome Ore 2785 18-1 11.8 13.4 
Zircon 2870 9-1 13.7 138 
Zircon 2800 9-1 123 13.7 
Rutile 2885 15-1 148 145 
Chamotte 2810 14-2 13.8 15.2 
Forsterite 2785 11-1 139 158 
Silica 2860 0-3 164 165 
Silica 2900 0-3 185 17.7 
Silica 2770 0-3 146 17.0 
Silica 2800 0-3 156 17.2 
Silica 2880 0.3 16.7 164 
25% Asbestos 2750 1-3 143 17.1 


Light Wt. Castable—l14 in. thick 2890 20-1 196 19.0 
Bubble Alumina 14-36 2830 §=19-2 188 20.0 


Bubble Alumina—40 2850 19-1 20.0 20.5 
Diatomaceous Earth—114 in. thick 
100% Calcined Aggregate 2835 17-1 21.3 224 
54%, Dicalite SF Brand 2880 17-2 25.0 24.6 


40% Dicalite SF Brand—Mulled 2960 17-3 25.8 228 
40% Dicalite SF Brand—Mulled 2920 17-3 23.5 22.0 
40% Dicalite SF Brand—Mulled 2860 17-3 23.3 23.3 
40%, Dicalite SF Brand—Mulled 2820 17-3 23.0 248 
40%, Dicalite SF Brand— 
not Mulled 
Thermit-silica Compound 
11% in. thick 2895 16-1 32.1 31.0 
+ These figures show the relative chilling ability of the various 
molds corrected to a standard pouring temperature of 2870 F. 
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Fig. 3—Effect of various molding materials on solidifica- 
tion time of 6-in. spheres. 


Pouring Temperature 


The lack of a constant pouring temperature was 
the greatest deficiency in this work. Initially, it was 
pianned to pour five spheres from a single heat (four 
molds to be of the material under test and one of 
silica sand). However, it was found impossible even 
to approach a constant pouring temperature by this 
method. Consequently, smaller heats were made from 
which only two spheres were poured. 

The ladle temperatures were not recorded «hen 
cooling curve spheres were poured. The first tem; era- 
ture printed by the recording instrument was con- 
sidered to be the mold pouring temperature. Al- 
though there was considerable variation in pouring 
temperature of the cooling curve tests, it was pos- 
sible to correct for this variation. The corrected val- 
ues are given in Table 6. A detailed explanation of 
the effect of pouring temperatures and the method 
used in making the corrections is presented in the 
Appendix. 

Meaning of Cooling Curves 

From the point of view of heat transfer, the solidi- 
fication of a casting is not a simple problem. Indeed, 
it is so complex that an indefinite term like chilling 
ability must be used to describe what has been mea- 
sured in these tests. By definition, chilling ability is 
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proportional to the time to reach a given tempera- 
ture at the center of a given mold. The solidus was 
chosen as a convenient reference temperature. Since 
the slopes of the cooling curves were relatively steep 
at this temperature, the time was well defined. 

In this paper, the chilling ability of a number of 
molds is evaluated. This does not mean the chilling 
ability of a particular material or even of the granu- 
lar form of that material. It means the chilling abil- 
ity of a particular molding mix as rammed, which is, 
of course, what actually must be known if these ma- 
terials are to be used in making castings. 


Mold Inserts 


It was impractical to make a complete mold from 
an exothermic compound, hence hemispherical shell 
inserts were made. These shells had an ID of 6 in, 
and an OD of 9 in. A 4-in. diam hole was cut through 
the cope shell for the riser. Figure 4 shows a set of 
these inserts. These shells were rammed up with a 
green sand backing when the molds were produced. 

Inserts were used also for several other materials. 
A complete mold and one with 114-in. shell were 
used in testing the steel shot mix. This same size 
insert was also used for tests on diatomaceous earth, 
light weight castable refractory, copper shot and 
steel chills. Solid copper was tested with 3-in. thick 
chills. 





Fig. 4—Cope and drag hemispherical shells used as mold 
inserts for testing steel shot, thermit-silica compound, 
diatomaceous earth, etc. 


Any increase in chill thickness over | in. was de- 
termined to be ineffective in changing the course of 
solidification in a 6-in. steel sphere. Therefore, it 
seems reasonable that a 114-in. thick steel chill should 
be adequately thick for a cooling curve test. 

The cooling curves indicated that a complete mold 
of steel shot gave a solidification time of 9.0 min 
while a 114-in. insert of this same mix gave a solidi- 
fication time of 9.4 minutes. These results indicated 
that the insert was very nearly as effective as the 
complete mold. 

A thickness of 3 in. was used for the copper in- 
serts. It was interesting that the cooling curves in 
the steel and copper chills virtually coincided. Con- 
sidering the greater diffusivity and conductivity of 
copper, one would have expected more rapid solidi- 
fication in this mold. Although a categorical state- 
ment cannot be made on the basis of two tests, it is 
possible that the rate of cooling obtained with steel 











chills approached a rate limited by the flow of heat 
in the casting, rather than in the mold. If this is so, 
more potent chills like copper would be no more 
effective in chilling than steel. Tests of feeding range 
of risers employing copper chills showed no signifi- 
cant increase over that obtained by steel chills.* 


Development of Moldable Mixes 


Whenever possible, green sand mixes were used. 
The following mix is given in parts by weight: 


No. 60 silica sand 100 
Western bentonite 2.5 
Dextrine 1.25 
Mogul 0.5 
Water 3.0 


This mix was used as a guide from which to work. 
The variations in specific gravity, grain size distri- 
bution, grain shape and surface properties of the 
materials tested necessitated variations from this basic 
mix. A dense material like zircon required less water 
and binder. Steel shot required large quantities of 
binder to prevent the grains from being abraded 
from the surface. A material of low density and a 
cellular structure required excessive quantities of 
water and a plastic binder. 

Small quantities were first mixed by hand in a 
bowl to obtain some indication of the mix to use. 
When a mix was obtained that had adequate green 
strength and appeared to be moldable, larger batches 
were mixed in a small muller. Cylindrical 2-in. high 
by 2-in. diam AFS specimens from these batches were 
placed in core prints in the sides of a 5-in. cube mold. 
One inch of the 2-in. specimen was permitted to ex- 
tend beyond the mold face. Castings were poured in 
these molds and the cored surfaces sand blasted and 
examined. If the mix withstood the heat and pro- 
duced a satisfactory surface, a sphere was molded for 
the heat transfer studies. 

The results obtained with each individual material 
are set forth in Tables 3, 4, and 5. Table 3 presents 
the screen analysis of the materials and Table 4 in- 
dicates the mold composition and properties. 

Table 5 summarizes the discussion of mold mixes 
and gives additional information such as the manu- 
facturer, approximate cost in less than ton lots, and 
a brief description of the materials. The materials 
are listed in order of decreasing chilling ability. The 
time for solidification is given as a rating of chilling 
ability. The longer the time shown, the more insulat- 
ing is the material. Letter ratings are given to the 
casting surfaces obtained from the various mixes, 
“A” being the best surface and “W” preceding the 
letter indicating a washed mold. 

It will be appreciated that no single figure can 
adequately describe a casting surface. Whereas one 
mold may be stable, it may be badly penetrated and 
vice versa. 

Molding Mixes 


It is unlikely that “the ideal mix” was obtained 
for many of the materials tested, but moldable mixes 
were obtained for all. As far as molding properties 
are concerned, one might expect a granular material 
that is non-porous, insoluble in water and has a vit- 
reous luster to behave similarly to silica sand. Ex- 
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perience bore out this expectation. 

The materials tested that behaved most like silica 
sand were forsterite, zircon, alumina, silicon carbide, 
and rutile. Chamotte, chromite, and magnesite were 
somewhat less like sand. If the materials had been 
available in a sizing more nearly like that of the No. 
60 silica sand which was used as a standard, it is be- 
lieved that more satisfactory molds would have been 
obtained. As it was, forsterite, zircon, alumina, sili- 
con carbide, and rutile made mixes that felt and 
rammed very much like a green silica sand. Cham- 
otte, chromite and magnesite made somewhat more 
friable mixes. This difference may be due to differ- 
ences in surface; the grain of none of these last three 
was as vitreous in appearance as the other materials. 

The extremely dense materials, steel shot, and cop- 
per shot were coarser than the No. 60 sand, the cop- 
per shot particularly so. This, combined with the 
fact that a high binder content and hence high green 
strength was required to withstand abrasion made 
ramming difficult. 

A phenolic resin was found to be the most satis- 
factory binder for diatomaceous earth, and it is rec- 
ommended as a good binder for any low density 
material requiring high percentages of moisture. Evi- 
dently, a binder which is liquid and can coat the 
grains is necessary for bonding a material that has 
a large surface to volume ratio. Bentonite and cer- 
eal binders proved ineffective. 

Forsterite, zircon, alumina, chamotte, chromite, and 
magnesite could all be made into green molds that 
would give satisfactory casting surface results. Sili- 
con carbide, rutile, alumina bubbles, and steel shot 
would make acceptable castings provided they were 
washed on the exposed surface. The thermit-silica 
compound in the unwashed state produced a surface 
satisfactory for risers. Doubtless, a heavier wash than 
that used in these studies would result in a better 
casting surface. 

The diatomaceous earth mix, used in most of this 
work, resulted in acceptable surfaces providing it was 
mulled to a sufficient density. Although a lightly 
mulled mix had better insulating properties and 
produced a surface acceptable in risers, it would not 
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Fig. 5—Cooling curves for silica sand molds showing 
effect of pouring temperature. 
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TABLE 3—SCREEN ANALYSIS IN PER CENT RETAINED ON U.S. SCREENS 
Analysis 
No. 0 l 2 5 7A 8 9 11 13B 14B 15 18 21 
Gg. &. Silica Asbestos Steel SiC Al,0, Zircon Magnesite Mixed Chrome Copper 
Screen No. 60 Sand 71 Zonolite Shot 40/70 40/70 A Forsterite 140 Chamotte Rutile Ore Shot 
6 0.1 ca 0.1 tg inc 41.0 
12 1.6 0.5 al 0.8 54.3 
20 13.2 3.4 96.8 vr 1.8 4 : 45 45 
30 21.0 3.4 2.4 a 6.0 6.9 3.4 9.5 
40 13.1 11.4 0.1 22.6 685 ... 14.8 8.7 18.0 11.4 
50 0.9 4.9 10.2 31.4 46.7 0.1 13.8 14.9 12.7 0.1 15.2 
70 20.0 3.1 10.8 <P 26.0 37.5 1.1 13.5 18.5 14.7 1.8 17.6 
100 48.2 4.6 17.1 ia 14.0 6.35 17.75 16.8 18.7 15.1 33.4 17.8 
140 20.9 5.1 10.4 ses 3.4 0.15 648 12.9 18.3 10.2 58.5 14.0 
200 7.0 6.6 6.0 oot 0.8 tr 15.0 5.1 8.0 7.0 5.5 6.2 
270 2.5 5.3 1.8 _ 0.22 tr 0.3 1.0 3.6 0.05 0.6 
Pan 0.5 16.6 1.4 rie 0.3 0.1 tr 0.8 . 12.1 0.05 02 
* Lot screened to pass over 140 mesh screen 
TABLE 4—-MoLp ComposiTION (PARTS BY WT.) AND PROPERTIES 
Silica Silica Steel SiC Al,O, 

Material Sand Sand Asbestos Zonolite Shot 40/70 40/70 Zircon 
Mix No. 0-3-1 0-4-1 1-3-1 2-1-1 5-1 7-1-1 8-2-1 9-1-1 
Screen Analysis No. 0 0 1 2 5 7A . 9 
Material Tested Mu ht 25 25 100 100 100 100 
No. 60 Sand 100 100 75 75 . a 
Bentonite 2.5 0.66 2.5 3 2 4.5 3 1.25 
Mogul 0.5 0.5 0.5 0.5 0.5 0.5 l a 
Dextrin 1.25 1.57 2.5 1.25 1.0 1.5 1.25 0.10 
Water 3.0 9.4 8 4 1.5 3.0 8 1 
GE No. 12300 Phenolic Resin ea Iron Oxide 

0.60 
Methyl Alcohol ith SiO, Flour 
12.1 
Kerosene 
1.2 
Moisture 2.94 6.9 8.0-8.4 aa 1.1 3.2 2.7 1.05 
Green AFS Wt. grams 160 175 172 159 395 159 195 280 
Green Comp. Strength Psi 3.7-4.4 2.4-2.5 11.8-12.3 7.0 9-10 4.8-5.0 3.8-4.0 1.0-4.5 
Permeability No. 88-89 33 26.5 47 1340 375-400 300 47-49 
Baking Cycle Hrs. @ °F roe 5@450 35@200 aa 2a . 
Baked AFS Wt. grams eal o<0 159 
Baked Comp. Str. Psi een a0 114-118 
Permeability No. eee eae 54-57 a 
g = gy e & r, eS oe = aves 
5 £ S 2 6.3 Ss Ss € BF E2558 
g x s 3 g8S¢ wi nim £, BE BSESSE bx 
Material : = ai 5 £86 Material ae ome S§& 2S BSPat ce 
= 2 Oo oe FSS An AHR VO At AIH UMOG 
Mix No. 1l-l-1 13-2-1 14-3-1  15-1-1 16-1 Mix No. 17-3 17-3-2 18-1-1 19-1-1 19-2 20-1 21-1 
Screen Analysis No. 1] 13B 14B 15 = Screen Analysis$ ... in 18 40 14-36 oe 
Material Tested 100 100 100 100 100 Material Tested 40 40 100 100 100 100 
No. 60 Sand o “Ab ba dis $60 Sand 60 60 vee We — <oe 
Bentonite 2.5 3 4 1.25 ee Bentonite mee hal 2.4 6 6 5 
Mogul 0.5 2 l 0.5 aren Mogul 2 2 1.0 2 2 2 
Dextrin 1.25 2 oe ane ee Dextrin 2 2 2 2 eel l 
Goulac Pee net 2 0.5 biel Water 40 40 3.0 + 4 45 0.95 
Water 3.0 3 10 1.0 13 GE $ 12300 4 4 ane Tea 
Moisture 3.4 or: 9.2 0.9 11 Methy! Alcohol 4 4 ee rity: ‘os 
Green AFS Wt. grams 190 171 152 245 + Moisture 24 3.0 4.2 3.8 
Green Comp. Str. Psi 6.1-6.2 5.5 4.7-5.0 7.8-8.2 oe. Green AFS Wt. 
Permeability No. 109-112 189 62 47-61 be grams 150 112 220 100 95 ... 450 
Baking Cycle, Hrs@°F ee . « 14.5@450 ... 14@350 Green Comp. Str. 
Psi 48 9.2-9.7 7.7-8.7 3.6 3.6-3.8 ie 
Permeability ~ <l <1 115-119 645 2200 ... 7000 
Baking Cycle Cured & 
Hrs.@°F 6@400 6@400 --» 3@350 


Baked AFS Wt. 


grams 114 79 
Baked Comp. Str. 
Psi >93 $2 
not 


Remarks Mulled Mulled 
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TABLE 5—SUMMARY OF EVALUATION OF MOLDING MATERIALS 
Listed in Descending Order of the Chilling Ability of the Material 




































































Rating** 
Manufacturer Chill ability 
Material & cost Casting Behavior of Casting 
Name Description cents per Ib. Surface mix Surface Remarks 
Copper Cast Copper 1.2 Depends on smooth- Small chills will fuse 
chill B ness of chill. when used on heavy 
castings. 
Steel Cast steel 4.3 Smooth except where 
chill B casting fused to chill. 
Graphite Electrode National Car- 5.1 Easily machined. Excellent surface. Chill can be used 
block graphite bon Co. 20-23 repeatedly. 
Copper Copper shot 25.0 6.3 Shot too coarse. Mix Fused to shot. Not practical on 
shot NG not flowable. Surface heavy section of 
abrades. steel. 
Steel steel shot Alloy Metal 9.0 Better than Cu shot, Good if mold _ is Most potent moldable 
shot Abrasive Co. NG - W-A_ but abrades unless washed. chill. 
12.5 washed. 
Silicon 40/70 mesh S. C. Carborundum 10.4 Works like synthetic Chemical penetration Impervious wash es- 
carbide Refractory grade. Co. 12.75 E W-A silica sand mix. if not washed. Ex- sential if blows & 
cellent if washed. penetration are to be 
avoided. 
Burnt Calcined Magne- Harbison- 11.2 Mix brittle because Fair surface but dif- A better size distri- 
magnesite site MgC0O, MgO Walker 3.5 of excess coarse & ficult to clean & bution might make 
fine grain. Possibly shows some burn-on. a more workable mix. 
surface properties The possibility of 
also contribute to MgO fluxing _ silica 
poor mix. should be considered. 
Alumina Refractory grade Carborundum 12.1 Good, like synthetic Comparable to silica 
40/70 mesh fused Co. 11.5 B silica sand. sand castings. 
Al,05 

Chrome ore Essentially Harbison- 13.4 Not quite as good as Not quite as good as Considering price & 
chrome bearing Walker 1.95 Cc silica. silica. chilling ability this 
spinel (Fe, Mg)0 might compete with 
(Cr, AI, Fe).05 Zircon. Requires dif- 

ferent grind. 

Zircon Zirconium silicate Titanium A\l- 13.8 Excellent moldability. Excellent surface. 

Zr0.°Si0, loy Mfg. Co. B+ 
5.5 
Rutile Titania, TiO, Foote Mineral 14.5 Excellent moldability. Chemical attack un- Might be used as a 
5.5 D, W-A less washed; then chill for non-ferrous 
gives good surface. castings, but Zircon 
does better job all 
around. 

Chamotte Calcined fire Harbison- 15.2 Flowable makes ex- Mechanical penetra- Though of little use 
clay. Walker 1.5 B cellent mold. tion in mesh used for controlling solidi- 

here unless washed. fication this material 

Most stable mold shows promise when 

used. used to avoid metal 
errosion. 

Forsterite The Mg0 end of Harbison- 15.8 Excellent moldability. Good casting except Olivine used exten- 
the olivine series, Walker 22.5 Cc for few defects due sively in Norway for 
which varies con- to soft ramming. Steel castings because 
tinuously from it does not cause 
forsterite 2Mg0 silicosis. 

Si0, to fayalite, 
2Fe0Si0,. 

Silica Si0,, washed & 17.0 Excellent moldability. Susceptible to ero- Not likely to be re- 
graded Ottawa B sion. placed as_ general 


* Cost given for less than ton lots. 


silica sand. 


molding material. 


** a) Chill ability rated by corrected solidification time in minutes at center of 6-in sphere. The shorter the time, the more potent 
the chill. b) Casting surface rated arbitrarily by appearance. “A” is for the best surface, “B” less good, etc. 
an unwashed mold. Where a letter is preceded by a “W,” a wash was used. NG means an unacceptable surface. 


A single letter means 
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TABLE 5 (CONTINUED) 
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Rating** 
Manufacturer Chill ability 
Material & cost Casting Behavior of Casting 
Name Description cents per Ib. Surface mix Surface Remarks 

Asbestos Chrysotile 3Mg0. Phillip Carey 17.1 25% mix Makes brittle mix Roughness increases 

2Si0, 2H,0 3.25 Cc with 75% sand. with asbestos con- 
Moldable when used tent. Water of crys- 
alone with plastic talization causes 
binder. blowing. 

Light weight A light fire clay Harbison- 19.0 Cast as slurry makes Surface fused ac- Not insulating 

castable. aggregate cal- Walker 7.1 G good mold. ceptable for risers enough to compete 
cined with burn- only. with mulled DE. 
out material. 

Bonded with lum- 
nite cement. 

Alumina Hollow spheres of Carborundum 20 Fine sizing molded Mechanical penetra- Not insulating 

bubbles. fused alumina. Co. 12.5-14.5 W-B like synthetic sand. tion unless washed. enough to compete 

with mulled DE. 

Diatomaceous A hydrous form Dicalite Co. 23-27 40% mix Makes brittle mold Can give good sur- The mulled 40% DE 

Earth SF Brand of silica with a 6.0 D both green & baked. face at sacrifice of mold gave the best 
fine cellular insulation if  suffi- surface. 
structure. ciently mulled. 

Thermit- Proprietary exo- Pittsburgh 31 Molds easily, bakes Rough surfaces un- This does not insu- 

silica thermic molding Metals Puri- E to hard core. less core is heavily late, but furnishes 

Compound mix. Reaction fying Co. 45.0 washed. extra heat by chem- 
product is hard ical reaction. 
refractory mate- 
rial. 

Zonolite An expanded ver- Zonolite Co. NG Brittle springy mold. Mold fuses causing Might work out for 
miculite which is penetration. some non-ferrous al- 
a micaceous hy- loys. Not used for 
drated silicate. spheres. 

Carbo A partially car- Hill & Griffith NG Molds easily & bakes Mold badly pene- 
bonized cellulose. to hard core when trated. 

plastic binder is 
used. 

Limestone Calcium Carbon- Marblehead NG Decomposed to CaO 
ate CaCo0, Lime Co. and CO0.. 

Dolomite Ferruginous cal- Marblehead No mold Brittle mold; slakes Mold turns to powder 
cined dolomite; Lime Co. on baking. on slaking. 
essentially Mg0-- 

Ca0. 

Powdered Fine flakes of U.S. Graphite NG Moldable with pitch Blows; may be result 

graphite graphite. tar binder. of graphite and steel 
reaction. 

Cast iron grit White cast iron NG Mold abraded easily. Mold fused. 
grit. 

Perlite Granular ex- Great Lakes NG Brittle mold. Fused 
panded volcanic Carbon 
glass. 





do as an insulating pad in a casting. A good sur- 
face was obtained when the mix was mulled longer 
to a greater density at the sacrifice of some of the 
insulating ability. 

Diatomaceous earth presented problems in drying 
and handling. Long drying times were required be- 
cause of the high moisture content of the mix and 
its insulating properties. The dried molds were rea- 
sonably strong but they were brittle. The molds 
that had been mulled for longer times were stronger 
than those mulled for shorter times. An increase in 
the binder content would probably improve the 
toughness of the molds mulled for the shorter times. 

Moldable Chills—Only those chills more potent 


than zircon merit consideration, since in zircon the 
foundry already has an excellent moldable chill. 
Steel shot made the most potent moldable chill; 
however, its use is limited by the requirement of a 
wash and the cost. Silicon carbide made a good chill 
more easily molded than steel shot but it too re- 
quired a wash. Magnesite was the cheapest of the 
materials more potent than zircon. Although the 
mixes developed here were not as moldable as zir- 
con, it appears that a more satisfactory mold could 
be worked out with a different particle size prepara- 
tion. However, it must be remembered that mag- 
nesite is one of the most basic refractory materials 
and it is doubtful that large percentages of mag- 
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nesite could be tolerated in a silica sand system. s 8 Pe 
Alumina appeared to be the most likely substi- S N at dain dae mnie 

tute for zircon except for its cost. Chromite seems in 8 3 

the best position to compete economically with zir- ED | ic 

con because the cost is lower. Although the present S , 

mix is not entirely satisfactory, it could be improved + tad a a Hy 

by different particle size preparation. 8 Tt 
Effect of Moldable Materials on Solidification of Cast Ss Pa a 

Steel—The rate of heat extraction from a steel cast- $ 0 4 r soe 70 

ing by the mold when varied over wide limits, such § (677 

as sand to chill, not only affects the rate of solidifi- 8 Mts 

cation but also the nature of the solidification of the 2 4 yg 

casting. : SUPER HEAT | 
The thermal conductivity of the molding material i yee lo ; 100 é; 200 

is, of course, important. Variables in silica molding 2670 iy a ata 


sand influence the thermal conductivity of the sand 
and these variables would undoubtedly affect other 
possible molding materials in a like manner. For ex- 
ample, it is known that: (1) the conductivity of sands 


Fig. 6—Time for solidification vs pouring temperature 
for three mold materials. 


increases markedly with temperatures in the range period (approximately 1 sec) that the moist sand is 
of 1000 to 2300 F!; (2) increasing grain size results dried at the interface. As soon as the steam has left 
in more rapid increase of conductivity with tempera- the interiace, the conductivity effect is primarily that 
ture because of radiation from grain to grain®; (3) of a dry sand. Only thin-walled castings, therefore, 
filling of the intergrain spaces with fines results in would be influenced as to their solidification by 
decreased conductivity since the effective path for normal moisture contents of the sand. 
radiation is diminished.® Solidification times of medium to large section cast- 
The effect of moisture on the “apparent” con- ings are relatively unaffected by the water content of 
ductivity is large as can be observed by the fact that the sand. Confirmation of this is shown in studies5 
a green sand of 4 per cent moisture increases the ef- of a 7 x 7-in. section casting, in which case the pres- 
fective conductivity approximately 314 times.2 This ence of moisture in the sand resulted in only a 5 per 
information is somewhat misleading because studies cent decrease in solidification time. 
by the analogue method* have shown that the effect The effective thermal conductivity (K) of silica 
of high conductivity resulting from the presence of molding sands is apparently within the range of .2 
water is momentary and is developed only during the to .9. Analogue studies on the solidification of a 


TABLE 6—CHILLING ABILITY OF VARIOUS MOLDING MATERIALS 





fe 


Factor to be 
applied to 
/distance riser | 


. : : will feed with 
lative thickness of casting chills 


of same shape that will solidify D = 4.5T + 2F 
in same time referred to: 


Relative solidification times 
for molds of same size and 

















Solidification* ; —6¥T 
dunes % Sek 6 Staal — es Steel Chill Mold Sand Mold D=6vT + TF 
in. sphere, t, material t, material Vt, steel chill Vt, sand Sard—Material | 
Mold Material min t, steel chill t, sand Vt, material Vt, material | ~ .anu—Stecl Chill 
Copper Chill 4.2 0.98 .248 1.01 2.02 1.005 
Steel Chill 4.3 1.00 25 1.00 2.00 1.00 
Graphite 5.1 1.19 30 092 1.84 93 
Copper Shot 6.3 1.40 35 0.84 1.68 87 
Steel Shot 9.0 2.10 53 0.69 1.38 43 
Silicon Carbide 10.4 2.42 61 0.64 1.28 52 
Magnesite 11.2 2.60 66 0.62 1.24 A5 | 
Alumina 12.1 . 2.84 72 0.59 1.18 37 | 
Chrome Ore 13.4 3.10 79 0.56 1.12 .28 / 
Zircon 13.8 $.22 82 0.56 1.12 24 | 
Rutile 14.5 3.38 86 0.54 1.68 19 } 
Chamotte 15.2 3.59 91 0.53 1.06 Bp | 
Forsterite 15.8 3.68 93 0.52 1.04 J 
Silica 17.0 3.95 1.00 0.50 1.00 
Alumina Bubbles 20.0 4.65 1.18 0.46 92 
40%, Diatomaceous Earth Mulled 23.2 5.38 1.36 0.43 86 
40%, Diatomaceous Earth not Mulled 27.0 6.27 1.59 0.40 80 
Thermit-silica Compound $1.0 7.20 1.82 437 74 


* Values corrected to a standard pouring temperature of 2870 F. 
** Values of —F indicate that materials would be used for .nsulating purposes. 
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4-in. plate showed a K value of .9 for the conductiv- 
ity of sands at the temperature of solidification.*+ 

The curves secured on silica sand molds of these 
studies compare favorably with those of the analogue 
method.* Of the three solidification ranges given in 
the analogue study the range of 2732 to 2597 F is 
the closest to the range of 2770 to 2670 F which ap- 
proximates the 0.30 per cent carbon steel used in this 
report. Plotted points of the analogue study are 
shown in Fig. 6 (in the Appendix) where they may 
be compared with the experimental results of using 
different pouring temperatures in silica sand molds. 
The agreement of these results is reasonably good. 

The effect of molding materials other than silica 
sand and metal chills on the solidification of cast steel, 
other than those given in this report, are not avail- 
able. Some studies? on bonded magnesite and bonded 
silicon carbide were made at copper solidifying tem- 
peratures (1980 F) which showed the relative chilling 
power of magnesite to be 1.5 and silicon carbide 1.3 
when green silica sand was valued at 1.0. This paper 
shows a value of 1.52 for magnesite and 1.63 for 
silicon carbide with the use of molten steel. 


Chilling Ability of Mold Materials 


The chilling ability of various mold materials for 
cast steel was rated by means of cooling curves of 
this report taken at the center of 6-in. steel spheres. 
Solidification times were corrected to a standard pour- 
ing temperature of 2870 F. These values are shown 
in Column | of Table 6. 


It is known that if several castings of the same, 


shape and metal, but of different size, are poured at 
the same temperature, then the solidification time is 
proportional to the square of the thickness. This 
relationship may be stated: 


t, = kD? 
where t, = time for solidification 
D = thickness of the casting 
k = a constant of shape and mold material 


By holding the shape constant, k becomes K a con- 
stant of material only. Hence: 
t, = KD? 

Since the solidification times t, for castings of the 
same size and shape in molds of different materials 
are known, it is possible to determine the sizes re- 
quired to make two castings of the same shape but 
in molds of different materials, solidifying in the 
same time. Columns 2 and 3 show the relative solidi- 
fication time for molds of the same size and shape as 
referred to steel chills or sand. Columns 4 and 5 
show the relative size castings of the same shape 
that will freeze in the same time as when steel chills 
or sand molds are used. 

Column 6 refers to the distance a riser will feed 
a plate or a square bar if a steel chill is placed on 
one end of the plate or bar.” If a block of various 
molding materials is placed as a substitute for the 
steel chill the riser will not feed as far. However, 
the distance that will be fed can be determined by 
application of the factor shown in Column 6. For 
example, the use of a magnesite insert in a sand 
mold at the end of a 4-in. thick square bar will per- 
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mit a riser located on the bar to feed a distance of 
D = 6\/T + TF 


D = 6/4 + 4 (.45) = 13.8 in. 
A steel chill would permit a feeding distance of 16 
in., sand 12 in., and thermit-silica compound only 
7.6 in. 

Materials which have insulating abilities better 
than those of sand could be used at positions of thin 
sections where there is a desire to feed through the © 
section or to throw centerline shrinkage to one side 
of a section. Also, such materials could be used as 
sleeves for risers so that risers would solidify at a 
slower rate than they do in sand. 


Application of Different Molding Materials to Con- 
trolled Solidification—The general principle of con- 
trolled solidification goes by other names when ap- 
plied to specific problems. For example, all the fol- 
lowing are problems which can be treated from the 
point of view of controlled solidification: 

1. Riser efficiency 

2. Centerline shrinkage 

(a) elimination 
(b) shifting 

3. Feeding a heavy section through a thin section 

4. Feeding hot spots 

Many steel castings have now been poured which 
illustrate the applicaticn of different molding materi- 
als to the same casting for purposes of controlling 
solidification. 

Riser efficiency can be improved by the use of in- 
sulating sleeves and their feeding distance in uni- 
form sections can be increased by careful application 
of moldable chills and metal chills. Centerline shrink- 
age can be shifted from the center of the section to- 
ward one wall by applying a moldable chill on one 
casting face and sand on the other. This is helpful 
at times in deep machining of one casting face. Like- 
wise, localized sections of greater mass can be fed 
through lighter sections by the employment of in- 
sulating type material inserts in combination with 
moldable chills. 


Sumrary 


The heat transfer ability of various molding ma- 
terials was rated by means of cooling curves taken 
at the center of 6-in. steel sphere castings. A rating 
of materials in the order of their heat transfer or 
chilling ability has been prepared. Magnesite was 
the most potent and cheapest moldable chill. Chrome 
ore is also a reasonably priced effective chill. Zir- 
con was the most easily handled moldable chill. 

A 40 per cent diatomaceous earth, 60 per cent sand 
mix with phenolic resin binder, was a very effective 
insulator, while a thermit-silica mixture was the most 
potent retarder of solidification, 

The relationship t, = kD? was used to calculate 
factors for the various molding materials to be ap- 
plied to formula giving the distance that risers will 
feed with chills. 
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Fig. 7—Change in solidification time with pouring tem- 
perature vs base solidification time. 
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APPENDIX 


Effect of Pouring Temperature 

Cooling curves were made from two or more pour- 
ing temperatures for alumina, zircon, and silica. Fig- 
ure 5 shows cooling curves in silica molds for four 
different pouring temperatures. Solidification time, 
time to reach 2670 F has been plotted against pour- 
ing temperature, or degree of superheat. Since 2770 
F is the approximate value of the liquidus of the 
0.30 per cent carbon steel used in this work, super- 
heat is pouring temperature minus 2770 F. It is evi- 
dent that the higher the pouring temperature the 
longer the time for solidification in a mold of a 
given material. Furthermore, solidification time 
changes faster with changes in pouring temperature 
for castings poured in molds of those materials that 
give the longer solidification times. For example, a 
100-degree change in pouring temperature for alum- 
ina which causes solidification to take place in about 
12 min for a pouring temperature of 2870 F will 
change solidification time by 1.55 min. For silica, 
however, which is less chilling, a like change in pour- 
ing temperature will change solidification time by 
2.4 min. 

Figure 6 also represents the general shape that the 
solidification time vs. pouring temperature is be- 
lieved to take. Solidification time measured by the 
cooling curves is the time required to reach the soli- 
dus temperature. If it were possible to pour a cast- 
ing at the solidus temperature, the time to reach that 
temperature would be zero no matter what the mold 


material. This places the origin of this family of 
curves at zero time and at the solidus temperature. 
In a mold that was a perfect insulator, it would take 
an infinite time for a casting poured at any tempera- 
ture above the solidus to reach the solidus. 

Hence, the slope of the solidification time vs. pour- 
ing temperature would be infinite for the perfect in- 
sulator. On the other hand, if a perfect chill were 
applied to a casting, the casting would reach the 
solidus very rapidly. It would not reach this tem- 
perature in zero time, but at some shcrt time, de- 
pendent only on the thermal properties of the cast 
metal. This would result in a small slope of solidi- 
fication time vs. pouring temperature. For pouring 
temperatures from the liquidus to a superheat of 
about 100 degrees F a straight line appears to be a 
satisfactory approximation of these curves. 


a 


Figure 7 


s 


dt . 
shows —*— plotted against t, at a pour- 
dTp 


dt, 

aTp ' 

of change of solidification time with respect to change 
in pouring temperature for molds of a given material 
and where t, is the solidification time for a sphere 
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36 
34 





32 
30 
28 
26 
2 

22 
20 
/8 
/6 
14 


TIME 70 SOLIDIFICATION, MINUTES 


70 90 10 30 $0 287090 10 30 50 2970 
POURING TEMPERATURE , °F 


Fig. 8—-Pouring temperature correction chart. Effect of 
pouring temperature on solidification time in molds of 
four different materials. 





vo. 











C. Locke, C. W. Briccs AND R. L. AsHBROOK 


poured in a mold of the given material at a tempera- 
ture of 2870 F. 

Figure 8 is a correction chart based on Fig. 7. The 
time for solidification for a 6-in. sphere in a mold of 
any material at any pouring temperature may be 
found from the solidification time at any other pour- 
ing temperature. 

The use of this chart may be best illustrated by an 
example. A 6-in. sphere casting in a silicon carbide 
mold was poured at 2920 F and solidified in 11.1 min. 
Now the time for solidification for a sphere casting 
poured at 2870 F has been taken as the standard by 
which chilling ability is rated. Therefore, to rate 
silicon carbide, the solidification time for a sphere 
casting poured in silicon carbide mold at 2870 F 
must be found. To do this, the correction chart is 
entered from the pouring temperature axis at the 
pouring temperature used for the silicon carbide 
mold, 2920 F. A perpendicular is raised from this 
point to the actual solidification time of 11.1 min. 
The diagonal lines represent the change in solidifi- 
cation time with pouring temperature for various base 
solidification times. Therefore, a line parallel to the 
nearest diagonal line is followed until it intersects 
a perpendicular raised from 2870 F. This gives a 
corrected solidification time of 10.4 min. 

Figure 8 was used to correct the solidification time 
of all the cooling curve spheres to a pouring tempera- 
ture of 2870 F in order to have a standard by which 
to rate the various molding materials. 

The points on Fig. 8 represent the solidification 
times for spheres poured at various temperatures for 
alumina, zircon, silica, and diatomaceous earth. Fig- 
ure 8 was constructed on the basis of data for alum- 
ina, zircon and silica and quite naturally, these points 
agree with the chart. However, there is considerable 
disagreement between the chart and the points for 
diatomaceous earth. Although this disagreement in 
no way contradicts the general statement on the vari- 
ation of the effect of pouring temperature with chill- 
ing ability, it may indicate that the variation is non- 
linear. A further possibility is that the density of 
the diatomaceous earth molds was not uniform be- 
cause of differences in ramming. It is possible to 
obtain a wide range of densities in diatomaceous 
earth molds of exactly the same composition. The 
density depends on the degree of working and the 
insulating ability depends in turn on the density. 
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DISCUSSION 


Chairman: E. C. Troy, Foundry Engineer, Palmyra, N. J. 

Co-Chairman and Secretary: J. B. CAINE, Foundry Consultant, 
Cincinnati. 

Victor PAscHKis (Written Discussion): ‘The authors state 
that the lack of a constant pouring temperature is considered 
the greatest deficiency in this work, and this is true. For the . 
same steel they used pouring temperatures ranging from 2770 
to 2970. Obviously solidification times are different. In order 
to overcome that disadvantage they “corrected” the times to a 
standard pouring temperature, but they do not show in what 
way this correction was made and on the validity of this cor- 
rection all results depend. 

From a heat transfer viewpoint, it seems a pity that a great 
amount of careful work went into making the castings rather 
than into a determination of thermal properties namely con- 
ductivity, specific heat and density of the different materials. 
If such data were available, the solidification times could be 
obtained by computation which has been found accurate not 
only for spheres as the authors provide, but for any shape. 

It seems questionable to use the term chilling ability for 
the solidification time of one given casting. The ability to 
extract heat is defined by the two values: thermal conductivity 
and volumetric specific heat. These two values may be com- 
bined to the expression thermal diffusivity which is the ratio 
of the two; in early times of the solidification process also the 
product conductivity times volumetric specific heat is important. 

The authors state that the rate of progressive solidification 
depends on the moisture content of the mold but experiments 
seem to indicate that moisture content is important only in 
the early stages of freezing. 

Mr. Locke: There can be no argument against the collection 
of fundamental data, but I am not sure that it would be 
possible to collect these data for all the mixtures used in these 
experiments. A closer approach to the foundryman is the 
method used. It is necessary to obtain data in such a form 
that it can be moved into foundry technology in a manner that 
is understood by the foundryman. 

If moisture is present in the sand, it is significant in the 
early stages of solidification, but later it seems to have little 
effect. 

S. L. GertsMAN:* Did you explain the reason for the differ- 
ence in solidification time due to pouring temperature? The 
arrest period, averaging about 8 min, varies from 2 to 10 min. 

Mr. Locke: Yes. This difference is due to the increased heat 
that must be lost as the liquid cools down to the liquidus. 
This heat heats the sand and slows down heat extraction dur- 
ing solidification. 

W. S. Petint:* Dr. Paschkis brought up a point regarding 
the solidification of different shapes in different molding ma- 
terials. Consider an infinite bar and plate casting, whose freez- 
ing ratios are as a ratio of 1 to 3. Do ratios such as these 
remain the same for other molding materials? 

Dr. PAscHkis: No. If the material extracts heat faster than 
sand the ratio will be higher, and conversely, if heat transfer is 
slower than in sand the ratio will be lower than for sand. 

CHAIRMAN Troy: I have always been interested in zircon. If 
zircon is considered a chill due to its thermal conductivity, it 
will be found that its conductivity is not much different from 
sand. Past work of the AFS Heat Transfer Committee has shown 
that the grain size of sand affects its conductivity. It is hoped 
that this will be tried by making molds with widely different 
grain size and distribution. At the same time the density of 
zircon is higher than that of sand. Are the differences in heat 
extraction due to the difference in grain size as well as density? 

Mr. Locke: The coarser the grain size of sand, the greater is 
the thermal conductivity. It is questionable that the test pro- 
cedure is accurate enough to pick up this difference. At the 
same time heat extraction increases with density. The chill 
action of zircon is less an influence of difference in grain size 
as of heat capacity, that is of base density. 

1 Columbia University, New York. 
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CORE BLOWING PROBLEMS 


By 


John A. Mescher* 


Larger foundries in this country have been success- 
fully using core blowing machines for a number of 
years. Many of the small foundries, and some of the 
medium-sized ones however, have not introduced this 
labor-saving device into their core rooms. If they 
have, the troubles they have encountered have pre- 
vented them from obtaining the full benefit of these 
machines. It is for these small and medium-sized 
foundries that this paper is written, in the hope that 
it may be of some assistance to them in solving their 
problems. 

The major problems involved in core blowing may 
be listed as follows: 

1. Core Quality. 

2. Maintenance of boxes. 

3. Reduction of setup time. 

4. High speed production. 

Before going into these problems however, an ex- 
planation of the operation of a common type blow 
machine should be helpful to those who are not too 
familiar with core blowing machines. 

The fundamental principle involved in core blow- 
ing is simple. Sand is introduced into the core box 
by air pressure instead of by jolting or ramming. The 
core blowing machine forces the sand, suspended in 
a stream of air, into a box equipped with vents, which 
allow the air to escape but trap the sand in a mass 
sufficiently solid for ordinary purposes. 

Figure | illustrates an average size blow machine 
of a type frequently found in small and medium-sized 
foundries. To blow a core with this machine the oper- 
ator places the box, assumed here to be a vertically 
split box, on the table of the machine between the 
jaws “J”. In the position shown, the blow head re- 
ceives sand from the hopper above it, which in turn 
is filled by shoveling or by means of a chute. By turn- 
ing the hand lever “H” the blow head moves to the 
left directly over the box. The operator then steps on 
the foot pedal “F” and the following things happen 
in rapid succession: the jaws clamp the box firmly, 
sealing the vertical parting; the table rises and presses 
the box against the bottom of the blow plate, seal- 


* Foreman, Core Room, Unitcast Corp., Toledo, Ohio. 
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ing the top opening, and the sand and air are forced 
into the box through the holes in the blow plate “B”. 
The operator then removes his foot from the pedal 
and the cycle is reversed: the air pressure is shut off, 
the table and the box are lowered, and the clamps 
are released. The core is then drawn onto a flat plate 
or drier as in the case of hand-rammed cores. 


Core Quality 


A good core must be made of the proper sand for 
the job in question; it must be uniformly rammed to 





pa ieeis 


Fig. 1—Type of core blowing machine frequently found 
in small and medium-sized foundries. 
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the proper hardness; it may require reinforcing rods; 
it may require venting. 

These four points can all be incorporated into a 
blown core. Since there are core blowing machines 
which can blow any sand you might wish to use, there 
is no difficulty as far as blowing the proper sand is 
concerned, However, it is well to have the permeabil- 
ity as high as possible, thereby minimizing venting 
problems. It is also well to keep the green strength 
as low as possible thereby increasing the blowability 
of the sand. If you must use stiff sands, use fewer blow 
holes and make them larger. If your permeability 
must be low, you will need more vents placed closer 
together. 

Lack of uniform hardness is a problem most fre- 
quently encountered in a blown core. The first thing 
an experienced core room foreman will look for when 
a core is being blown for the first time, is soft spots 
in the core. These can usually be eliminated by prop- 
erly locating the blow holes and vents. Remember 
that sand being blown into a box resists going around 
corners, due to its inertia. So in rigging a core box, 
arrange the blow holes so that as much of the area of 
the box as possible may be reached by direct paths 
from the blow holes. The remaining areas of the box 
can then be equipped with vents, so that the air escap- 
ing through these vents will tend to carry the sand 
around any obstructions to these more remote loca- 
tions. Another suggestion: use plenty of vents in a 
blow box. No harm comes from over-venting, but 
under-venting a box always causes soft cores. 

In the case of medium and large-sized cores, rein- 
forcing and venting of the core may be necessary. Re- 
inforcing rods may be held in position by posts in 
the bottom of the box, or when print sections are not 
conveniently located, by supporting the rod on a 
handful of sand. Venting the core may be accom- 
plished by running a smooth rod, 14 in. to 14 in. in 
diameter, into the box through closely fitting sleeves 
and removing the rod after the core has been blown 
and is ready to be drawn. 


Maintenance of Boxes 


The most important point in this connection is 
cleanliness. In many shops it is standard practice to 
incorporate into the piece work price of every blow 
job the operation of cleaning the parting and top 
of the box with a brush or air hose after every 
blow. It is also good practice to have every operator 
spend 15 min or so at the end of each shift cleaning 
the vents of his box and removing the day’s accumu- 
lation of sand from the surfaces of his machine. Sal 
soda, followed by warm water, does a good cleaning 
job on metal boxes. Wooden boxes can be kept in 
good condition by the use of kerosene or any ordinary 
general purpose solvent, and by renewing the shellac 
or plastic coating of the box periodically. 

Wear at the parting of the box can be minimized: 

A. By proper machine adjustments. This involves 
keeping the clamping jaws parallel and keeping the 
clearances between the top of the box and the blow 
plate as suggested by the manufacturer. 

B. By keeping the vents clean, since this reduces 
the air pressure inside the box. 
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C. By steel stripping at the parting of the box since 
steel has much greater resistance to abrasion than 
aluminum. 

Wear at the bottom of the box, directly under the 
blow holes, can be reduced: 

A. By using more blow holes since less sand then 
passes through each one. 

B. By using removable inserts directly below the 
blow holes which can be replaced before wear be- 
comes excessive. 

Wear in the sand entrance holes at the top of the 
box may be controlled (a) by using removable sleeve 
inserts made of steel, rubber, or plastic; (b) by mak- 
ing the sand entrance holes in the box larger than 
the holes in the blow plate, so that the likelihood of 
a mismatch between them is reduced to a minimum. 

Wear at the parting of a vertically split box is 
frequently due to the fact that the box is too large 
for the machine on which it is being used. If the 
inside area of the side of the box parallel to the jaws 
is greater than the area of the diaphragm of the clamp- 
ing jaw of the machine, then such a box, if it were 
not equipped with vents, would blow open every 
time it was used. When such a box, properly vented, 
is used, it works satisfactorily as long as the vents are 
clean and ‘can permit the air to escape fast enough 
to prevent the pressure inside the box from building 
up too much. But as the vents become partially 
clogged by constant use, the pressure becomes greater, 
and the effectiveness of the jaws holding the box to- 
gether becomes less. That is when leaks at the part- 
ing begins to develop. Keeping the vents clean is one 
solution. But in the case of boxes which are consider- 
ably oversize, it may be necessary to assist the clamp- 
ing jaws by using wing-nuts at the parting of the box. 


Reduction of Set-up Time 


Since the cost of making blown cores must obvious- 
ly include the cost of setting up the job on the ma- 
chine, set-up time must be kept to a minimum, es- 
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Fig. 2—-Sketch of a universal blow plate. 
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Fig. 3—Core blowing machine for high speed production 
of small cores. 


pecially on short run jobs. Small open-top boxes can 
be handled quickly by the “single blow hole” type of 
machine. Larger open type boxes for short runs 
should be made on a machine equipped with a uni- 
versal blow plate. 

A universal blow plate as shown in Fig. 2 is made 
up of two plates separated by spacers. This makes it 
possible for the vents to discharge their air into the 
area between the plates and then to the outer atmos- 
phere. The plate is filled with holes as close together 
as possible. Any hole in the plate may be used as a 
blow hole by insertion of a blow bushing “B” or it 
may be used as a vent by insertion of a vent plug “V.” 

When any large open-top box is to be blown, it 
is necessary only to select a suitable number of holes 
in the blow plate in a pattern suggested by the de- 
sign of the box, and insert blow bushings in them. 
The remainder of the holes may then be used as vents. 








CorE BLOWING PROBLEMS 


To speed up removal and replacement of the uni- 
versal blow plate, an adapter plate with holes match- 
ing those of the universal plate, is first fastened to 
the bottom of the sand reservoir. This adapter plate 
serves two purposes. First it prevents the sand from 
dropping out of the reservoir when the universal 
plate is removed, and second it contains guides which 
permit the universal plate to be slid in and out in 
a matter of a few seconds. 

Closed top boxes with a definite pattern of sand 
entrance holes, requires a blow plate with holes in 
that same pattern. However one blow plate may be 
made to serve four or five such boxes, when their 
top dimensions are approximately the same. This is 
the way it works. 

The blow hole patterns of two or more core boxes 
are drilled into the same blow plate. Each core box 
has a flat top large enough to cover the entire area 
of the blow plate. When the first box is used, its flat 
top covers all the blow holes in the blow plate ex- 
cept its own. Similarly, when the second box is used, 
it seals off all the blow plate holes except the ones 
corresponding to its own pattern of holes. Thus the 
“right” holes are always in use, and all the rest are 
covered up. Indexing of each box is accomplished by 
sizing its wear plate on the bottom of the box to the 
side and back adjustments on the table of the blow 
machine, In this way any one of five or six boxes may 
be used with a single blow plate without any ad- 
justment except, perhaps, to raise or lower the table 
of the blow machine. Thus, set-up time for all but the 
first box is completely eliminated. 





Fig. 4—Small bench type core blowing machine for blow- 
ing cores up to 4 Ib in weight. 
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Fig. 5—-Core blowing machine with automatic draw fea- 
ture, for blowing cores up to 80 Ib in weight. 


High Speed Production 

High speed production of blown cores which do 
not require special driers may be accomplished by 
using two men, each with one of two duplicate boxes, 
on the same machine at the same time. The first man 
blows his box and draws it on his bench at the right 
of the machine. While he is at his bench the second 
man is blowing his box, after which he turns to his 
bench at the left. Since the time spent at the machine 
is usually considerably less than the time spent draw- 
ing the core and putting it into the oven, the two 
men will not interfere with each other. Thus produc- 
tion can be increased without additional capital in- 
vestment. Incidentally, two different high production 
jobs, with approximately the same overall time cycle, 
can be used on the same machine, at the same time 
in the manner just described, if the height of the 
boxes can be made the same. 

Another idea, which works well with the blowing 
of larger boxes where the core must be vented and re- 
inforcing rods are needed, is to have a laborer work 
with the machine operator. This might readily work 
out as follows: 

1. Operator presses foot pedal blowing core. 

2. Laborer removes vent rod protruding through 
front of box. 

3. Operator removes box from machine and draws 
top half. 

4. Laborer applies core plate. 
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5. Operator rolls box and draws bottom half. 
. Laborer puts core in oven. 

. Operator cleans box with air hose. 

Laborer inserts vent rod and reinforcing rods. 
). Operator replaces box in machine. 


OID 


To 


This sounds like a slow operation, but it actually 
took only 30 seconds in the author’s experience for a 
core 32 in. long. This was just half the time required 
when the operator worked alone. 

If a job requires driers however, these three high 
speed methods usually become impractical because of 
the cost and storage of the 500 to 600 driers needed to 
maintain a constant operation with a 214-hr oven 
cycle. Such high production drier jobs can be handled 
economically and efficiently with a dielectric oven, 
using one of several types of core binders which can 
be baked in such an oven. 

For high speed production of small cores, a ma- 
chine such as the one shown in Fig. 3, having an 
automatic draw feature, is recommended. Using this 
type of machine, the top half of the blow box is at- 
tached to the sand magazine of the blower. It is made 
of metal and contains the necessary blow holes and 
vents. The bottom half of the box is made of a 





Fig. 6—Automatic core blowing machine for blowing cores 
up to 40 Ib in weight. 
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glass fiber plastic material and is in effect a drier. 
When the core is blown the machine automatical- 
ly draws the top half of the box, leaving the core 
in the bottom half or drier, which the operator then 
places in the dielectric oven. Since a machine of this 
type can blow about seven boxes per minute, it can 
readily be seen that for a 5-min baking cycle in the 
dielectric oven, only about 50 driers are needed for 
steady production at the rate of 420 boxes per hour. 
This, then, is the ideal high speed combination: a 
fast draw type machine blowing cores directly into 
the driers which are placed in the dielectric oven. 

Figure 4 shows a small bench type machine which 
can blow cores up to 4 lb in weight. It is relatively 
inexpensive, can be moved readily from one location 
to another in the core room, and requires only a 34-in. 
air line to put it into operation, This is a suitable 
machine as a starter if you have had no previous 
experience in core blowing. 

Figure | illustrates a machine which is perhaps the 
most popular type in use today. Most manufacturers 
of core blowers have a model of this type. It is a good 
general purpose machine, and should pay for itself 
very quickly. 

Figure 5 shows a larger machine with the auto- 
matic draw feature. This machine is suitable for 
cores weighing up to about 80 Ib, and is usually used 
in connection with an automatic roll-over cradle, 
which eliminates all the heavy work of box handling 
and drawing. 





Fig. 7—Large type machine for blowing molding sand. 





Corr BLOWING PROBLEMS 





Fig. 8—Largest type core blowing machine for blowing 
cores up to 200 Ib in weight. 


Figure 6 shows a completely automatic push but- 
ton type machine which can blow cores up to 40 Ib in 
weight. Its sand magazine has a mechanical agitator 
which pushes the sand over the blow holes while the 
core is being blown, thus making it possible to use up 
practically all the sand in the magazine. It also has 
an automatic draw feature. Small and medium-sized 
open top wood boxes can be blown on this machine 
because of its pulsating blow action, which prevents 
the air pressure inside the box from rising to more 
than 15 psi. 

Figure 7 shows a larger type machine designed 
specifically to blow molding sand as well as stiff core 
sand, It has a 17-in. cylinder and a draw stroke of 
10 in. Foundrymen interested in blowing molds may 
be interested in this machine. 

Figure 8 shows one of the larger type core blowers 
made, capable of blowing cores up to 200 lb in 
weight. The cope half of the box is attached to the 
sand magazine. Pressing two buttons causes the ma- 
chine to blow the core, draw the top half of the 
box, and push the bottom half with the core onto the 
adjacent rollover machine. There the operator applies 
the drier or core plate and pushes another button. 
The core is then rolled over and the bottom half of 
the box drawn, after which the box is returned to the 
blowing position. 

In the last 15 years core blowing machines definite- 
ly contributed to the efficiency of the foundry in- 
dustry. Increased use of these machines in the future 
will most assuredly improve the competitive position 
of this industry as a whole. 
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STATISTICAL ANALYSIS OF FACTORS 
AFFECTING CASTING FINISH 


By 


D. C. Ekey* and J. E. Goldress** 


Introduction 


Most castings produced today are made in green 
sand molds. No other casting method offers the 
economy and adaptability characteristic of the green 
sand technique. Consider the materials necessary for 
production of these molds. Basically, they consist of 
a natural or synthetic sand, a bonding agent such as 
bentonite, and a small percentage of moisture. The 
total cost of these materials, delivered to the mold- 
er’s hopper, has been estimated at two to three cents 
per 100 Ib. Green sand molds are also easily adapted 
to a wide variety of casting problems, since no other 
type of mold can be formed as easily. 

Why then, considering the inherent advantages of 
the green sand technique, have other techniques such 
as die casting, investment casting, and shell molding 
been developed? Obviously they must impart cer- 
tain advantages which warrant their use. A survey 
of the different types of molds would indicate that 
one of the major advantages of these newer methods 
is the smoother casting finish which they produce. 
The problem of reducing surface roughness is becom- 
ing increasingly important, and many firms? have 
recognized the advantages that would result if “pre- 
cision” green sand castings were made. 

By improving the surface finish of green sand cast- 
ings, costs would be reduced: 


1. Through a reduction in the machining of sand 
castings, 

2. Through a wider application of green sand 
molding where more costly methods are now in 
use. 


However, in spite of the apparent need for research 
in this field, the only published reports have been 
the recent studies of Fairfield and MacConachie.* 


The Problem 


The very nature of the economy and adaptability 
of green sand molds is in some respects its greatest 


* Asst. Professor, and ** Graduate Student, Pennsylvania 
State University, Dept. of Industrial Engineering, State College, 
Pa. 
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liability. The possible combinations of different types 
and amounts of sand, bentonite, and water are al- 
most infinite. However, many of these combinations 
will not produce good green sand castings. At the 
present time, the “right” combination is usually de- 
termined empirically, with the result that in many 
cases a poor surface finish is obtained. 

Since there has been little research on the effects 
that different variables produce on surface finish, it 
is the purpose of this paper to study several vari- 
ables, and try to determine those which significantly 
affect the surface finish of green sand castings. 


Variables and Constants 


In a study of a complex process there are many 
factors which may be varied. Therefore, to keep 
within practical limits, a study was made of the 
most significant factors. This resulted in the study 
of four factors each expected to significantly affect 


‘TABLE 1—VALUES OF EACH VARIABLE 





Sand Fineness Metal Pressure 











Level Type of Sand Level In. 
I New Jersey Silica 60-1 l 3 

II New Jersey Silica 100-1 2 6 
Ill New Jersey Silica 120-2 3 9 
IV New Jersey Silica 140-1 4 12 

Mold Hardness Wood Flour 

Level Applied Weight (lbs) Level % 
A 0 ox 0 
B 35 B 25 
Cc 70 y 50 
D 105 5 75 





TABLE 2—CHEMICAL COMPOSITION OF THE ALUMINUM 








Element % 
Al 89.40 
Fe 1.00 
Cu 8.12 
Si 1.23 
Mn 18 
Mg 01 
Zn 02 
Ni 02 
Ti 02 











surface roughness: (1) sand fineness, (2) mold hard- 
ness, (3) metal pressure, and (4) wood flour. The 
exact values of the different levels, i.e., the variations 
of each factor, may be seen in Table 1. 

All other elements which went into the making of 
the final product were held relatively constant. For 
example, each mold contained by weight 10 per cent 
southern bentonite and 5 per cent water. All castings 
throughout the experiment were made with new 
aluminum alloy pig (see Table 2). 


Design of the Experiment 


In any preliminary experiment it is advantageous 
to study the different variables in an exploratory 
manner, and then study in detail, in later experi- 
ments, those variables which prove to be significant. 
Since modern statistical theory has provided experi- 
mental designs which permit the study of several fac- 
tors simultaneously, the determination of factors af- 
fecting green sand casting finish may be accomplished 
with minimum expediture of time, effort, and money. 
This principle of multi-factor experiments has be- 
come basic in modern theory of experimental infer- 
ence. As stated by R. A. Fisher*: 

“We have usually no knowledge that any one fac- 
tor will exert its effect independently of all others 
that can be varied, or that its effects are particularly 
simply related to variations in these other factors. . . 

. . . If the investigator, in these circumstances, con- 
fines his attention to any single factor, we may infer 
either that he is the unfortunate victim of a doctrin- 
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aire theory as to how experimentation should pro- 
ceed, or that the time, material or equipment at his 
disposal is too limited to allow him to give attention 
to more than one narrow aspect of his problem.” 

After careful consideration of the variables, and 
the exploratory manner in which their effects are to 
be investigated, the statistical design known as the 
Greco-Latin square was chosen. The Latin square 
design® was originally developed in agricultural re- 
search to give control of error in two directions at 
right angles. In this design, the treatments are ar- 
ranged in rows and columns of a square, the num- 
ber of treatments being the same as the number of 
rows and columns, and the randomization is subject 
to the restriction that a treatment can occur only 
once in any row or column. 

The Greco-Latin square is an arrangement of the 
same type. In this design a pair of letters is assigned 
to each cell of the square, so that each Latin letter 
appears once in each row and each column, and each 
Greek letter appears once in each row, once in each 
column, and once with each Latin letter. See Table 
3. Included in Table 3 is a summary of roughness in- 
dex values which different treatments produced. 

Equipment 

All the molds used in this experiment were made 
with standard foundry equipment. The partially 
completed stack mold shown in Fig. | illustrates the 
type of pattern, and its relative size. Each mold, 
made in accordance with the experimental design, 
was arranged in its appropriate position within a 
stack mold, Fig. 2, and poured with new aluminum 
alloy pig, Fig. 3. The temperature of the aluminum 
was checked with an immersion-type pyrometer. The 
apparatus used in recording surface roughness (Fig. 
4) consists principally of a dial indicator calibrated 
in ten thousandths of an inch, and equipped with a 
pointed tip. 


Tech heb Dade alas 


Fig. 1—Partially completed stack mold. 
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Fig. 2—Completed stack mold. 


Experimental Procedure 


To prepare each mold: 
1. Combine elements of sand mix: 


a. Five per cent water. 

b. Ten per cent southern bentonite. 
c. Required amount of wood flour. 
d. Required sand. 


. Mix elements in muller for 5 min. 

. Clean pattern and position flask. 

. Fill flask 114 in. with riddled mix. 

. Add mix until 114 in. above flask. 

. Position bottom board and required weight. 
. Jolt 20 times. 

. Remove weight. 

. Squeeze. 

. Remove bottom board and strike off. 

. Reposition bottom board and roll over. 
. Draw pattern. 

. Cut sprue (if required). 





Fig. 3—Castings made in stack mold. 
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Upon completion of the molds, proceed: 

1. Place each mold into its respective position with- 
in a stack mold. Each column of the experimental 
design represents one stack mold (see Fig. 1 and 2). 

2. Place a dummy mold on the top of each stack 
to serve as a cope. Clamp the stack mold. 

3. Pour new aluminum alloy pig at 1400 F. 

4. Shake out (10 min. after pour); remove gates 
(see Fig. 3). 

5. Record surface roughness (approximately 24 hr 
after shake out). 


Measurement of Surface Roughness 


For many years the subject of surface finish has had 
little if any practical meaning, since no one had 
bothered to define just what surface finish is. How- 
ever, the problem of a satisfactory standard was solved 
by the American Standards Association, which in 1947 
issued ASA Standard B 46.1 “Surface Roughness, 
Waviness, and Lay.’ Since only surface roughness 
is treated in this experiment, no mention of the other 
elements of surface finish wil be made, Fundamental- 
ly, surface roughness is the variation of the actual 
surface from a hypothetical mean surface line. 

The surface roughness was recorded by means of a 
dial indicator (see Fig. 4). To take these readings: 

1, Place casting in a sand bed so that the exposed 
surface is parallel to the surface plate. 

2. Assemble the dial indicator adapter, and 
mount it on the surface plate so that the pointed tip 
of the indicator is perpendicular to the exposed cast- 
ing surface. 

3. Take four readings off an area, chosen at ran- 
dom, no greater than that of a 14-in. diam circle. 

4. Repeat (3) until there are a total of 20 sub- 
groups, i.e., a total of 80 readings in subgroups of 
four. 

The data for each sample may be found in Appen- 
dix A. It can be shown that a good index of the 
surface roughness is the average of the ranges of the 
individual subgroups. This is true, however, only if 
the ranges exhibit statistical control.? Therefore, up- 
per and lower control limits were calculated for each 
sample. All subgroups exhibited control with the ex- 





Fig. 4—Measurement of surface roughness. 
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ception of subgroup 19 of Sample No. 1. The usual 
interpretation of a subgroup out of control is that the 
subgroup is not typical of the population measured, 
but has been formed by some assignable cause. The 
subgroup was therefore eliminated, and new upper 
and lower control limits as well as a new average 
range were computed. 

The basis for the selection of 20 subgroups, each 
containing four observations, is entirely statistical. For 
a more complete treatment of this subject reference 
may be made to Grant.? 

All observations within each subgroup were made 
within a small area in order to minimize the effect 
of possible misalignment between the casting surface 
and that of the surface plate. 


Analysis of the Data 


Throughout the experiment, a careful check on 
the variables was maintained. Whenever possible the 
control of the variables was built into the experiment 
itself, e.g., by employing stack molding, an automatic 
metal pressure gradient was established. In line with 
this principle of control, mold hardness readings were 
taken as each mold was completed. The results were 
disappointing. While it was originally expected that 
differences in applied weight during jolting would 
cause proportional differences in mold hardness, for 
some reason no correlation existed. Therefore, the 
mold hardness variable was eliminated, and any effect 
which the differences in applied weight may have had, 
was attributed to experimental error. 

Again the advantage of a well-planned experiment 
is apparent. The only effect of the loss of the mold 
hardness variable, was to reduce the Greco-Latin 
square to a Latin square. Although we have the dis- 
advantage of studying only three factors, this is some- 
what compensated for by the fact that the Latin 
Square is a more sensitive design, i.e., true differences 
are more readily determined. 

In order to study the effects of each treatment, a 
technique known as the analysis of variance was em- 
ployed. The calculation of this technique as applied 
to the Latin square is shown in Appendix B; and a 
summary of the results appear in Table 4. In simple 
words, this is a method for testing the hypotheses 
that the means of each factor are equal. 


TABLE 4—ANALYSIS OF VARIANCE 





Source of Variation SumofSquares df. Mean Square 











Sand Fineness 30.16 3 '10.05 
Metal Pressure 8.49 3 2.83 
Wood Flour 2.27 3 .76 
Error 3.18 6 53 
Total 44.10 15 

Source of Variation F (ratio) Significant* 
Sand Fineness 18.96 Yes 
Metal Pressure 5.33 Yes 
Wood Flour 1.43 No 


* The value of F at the 95% level is 4.76 





If the assumptions underlying the analysis of vari- 
ance are true, then the ratio of the variance of each 
factor to the error variance is distributed as the F 
statistic. By consulting a table of F values,‘ for 3 de- 





STATISTICAL ANALYSIS OF FACTORS AFFECTING CASTING FINISH 


grees of freedom in the numerator, and 6 degrces of 
freedom in the denominator, the critical value at the 
95 per cent level is found to be 4.76. In other words 
if an infinite number of observations from one popu- 
lation is taken and F ratios calculated, it would be 
expected that a value as high as 4.76 would occur 
only 5 times in 100. 

In experimental work of this type, values larger 
than the 95 per cent level are usually regarded as 
sufficient evidence to reject the hypothesis. Thus in 
our analysis (see Table 4) the hypothesis of equal 
means is rejected for the sand and pressure variables, 
and accepted for the wood flour variables. 

The fact that the F test accepts the hypothesis of 
equal means for wood flour does not unconditionally 
imply that wood flour does not affect surface rough- 
ness. Since the different treatment levels of this vari- 
ables are very close, it might be more appropriate to 
test whether the smallest and largest levels are signifi- 
cantly different. The q test is designed to perform this 
function and has been described by Dixon and Mas- 
sey,* together with a table of critical values. This cal- 
culation (see Appendix C) indicates that there is no 
reason to suspect that there is any difference between 
these two levels. 


Conclusions 


Based upon the statistical analysis of the experi- 
ment, the following conclusions were made: 

1. Sand fineness produced a calculated F ratio 
greater than the 95 per cent level of F; it is therefore 
concluded that sand fineness has a significant effect 
on surface roughness. It may be noted that sand fine- 
ness would also be significant at the 99 per cent level. 

2. Metal pressure produced a calculated F ratio 
greater than the 95 per cent level of F; it is therefore 
concluded that metal pressure has a significant effect 
on surface roughness. 

3. Wood flour produced a calculated F ratio less 
than the 95 per cent level of F, and a calculated q 
value less than the 95 per cent level of q; it is there- 
fore concluded that, on the evidence at hand, there 
is no reason to suspect that wood flour has any effect 
on surface roughness. 


Suggestions for Further Study 


It must be remembered that this experiment was 
exploratory, and not intended to be so precise as to 
give an estimate of the interactions between varia- 
bles. However, it did show that variables are likely 
to be significant, and these may be concentzated on 
in further experiments. For example, the next step 
could be a detailed study of the significant variables, 
with a provision to study their interactions. 
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SAMPLE No. 2 












































Subgroup Subgroup 
No. X xX xX xX Range No. X xX X X Range 
1 7.96 7.85 7.62 7.76 34 ] 6.65 6.70 6.75 5.55 1.20 
2 7.98 8.33 8.19 8.63 65 2 6.52 6.22 6.01 6.08 51 
3 9.65 8.98 9.16 8.90 75 3 5.00 5.33 5.29 5.20 33 
4 1.87 1.76 1.83 1.44 43 4 6.51 6.43 6.73 6.31 42 
5 2.93 2.35 2.36 2.22 71 5 6.39 6.79 6.20 6.34 59 
6 3.30 2.99 3.52 3.01 53 6 5.90 6.30 6.07 6.54 64 
7 3.23 3.04 3.48 3.30 44 7 3.76 3.07 3.85 3.19 78 
8 2.42 2.85 2.18 2.17 68 8 5.71 5.10 5.57 5.07 64 
9 2.31 2.56 2.24 2.21 35 9 5.61 5.87 5.40 5.48 47 
10 1.61 1.65 1.35 1.34 31 10 5.39 5.98 5.42 0.51 59 
11 1.31 1.61 1.70 1.31 39 ll 5.46 4.85 4.47 5.16 69 
12 1.81 2.30 1.50 1.56 80 12 3.36 3.32 3.45 3.21 24 
13 8.82 8.86 8.55 9.06 51 13 1.97 2.26 2.07 2.03 29 
14 0.70 0.98 0.47 0.39 59 14 1.15 2.11 1.58 1.51 96 
15 1.82 1.79 1.88 1.83 09 15 10.78 9.79 9.98 9.81 99 
16 8.97 9.15 8.89 911 .26 16 9.58 9.45 9.20 9.35 38 
17 0.98 0.89 0.98 0.81 17 17 10.46 10.68 10.76 10.73 30 
18 9.63 9.79 9.47 9.61 32 18 10.08 9.94 10.17 10.07 23 
19 9.67 8.04 8.93 8.68 1.63* 19 5.78 5.52 5.64 5.81 29 
20 9.31 8.80 8.81 9.22 51 20 5.80 5.21 5.23 5.60 59 
* Eliminated—not in statistical control —_— 
Upper Control Limit = (.465) (2.28) — 1.06 8.83 11.13 
Lower Control Limit = (.465) (0) = 0 Upper Control Limit = (.556) (2.28) — 1.270 
Roughness Index — 8.83 (10) = 4.65 Lower Control Limit — (.556) (0) — 0 
79 Roughness Index = 11.13 (10) = 5.56 
207 
SAMPLE No. 3 SAMPLE No. 4 
Subgroup Subgroup 
No. X xX xX Xx Range No. X X X xX Range 
| 7.98 8.43 7.98 8.33 45 1 4.68 4.89 4.84 5.16 48 
2 8.91 8.75 8.90 8.87 16 2 3.96 4.66 3.73 4.16 93 
3 7.70 8.31 8.75 8.47 1.05 3 5.21 4.40 5.20 4.42 8i 
4 10.29 10.10 10.70 10.38 60 4 4.08 3.84 3.98 4.48 64 
5 10.08 10.5 9.88 9.98 63 5 4.98 4.23 3.62 4.10 1.36 
6 10.01 9.73 9.84 9.68 33 6 4.29 4.34 4.12 4.29 22 
7 9.75 10.36 9.91 10.31 61 7 5.45 5.14 4.52 5.25 93 
8 10.82 10.59 10.86 10.99 40 8 4.84 5.00 5.70 5.87 1.03 
9 10.20 10.00 10.67 10.63 67 9 5.23 5.58 5.25 5.70 47 
10 10.92 10.17 10.27 10.41 -75 10 5.60 5.72 5.25 5.23 49 
1] 10.16 10.54 10.29 11.20 1.04 1] 4.14 3.49 3.90 4.30 8! 
12 9.86 9.96 10.18 9.97 32 12 4.10 3.35 4.16 3.28 88 
13 10.07 10.11 10.02 10.24 22 13 4.42 4.19 4.45 3.68 77 
14 10.29 10.30 10.52 10.10 A2 14 3.73 4.19 4.68 3.68 1.00 
15 10.39 10.36 10.40 10.34 06 15 4.32 4.17 5.35 5.23 1.18 
16 9.99 10.56 10.30 9.84 72 16 4.89 4.83 4.92 4.44 48 
17 6.63 6.48 6.67 6.53 19 17 4.96 4.82 4.52 4.93 44 
18 7.46 7.35 7.38 7.51 16 18 5.40 5.45 5.45 5.55 15 
19 8.38 8.01 8.23 7.99 39 19 6.18 5.91 6.20 6.26 35 
20 8.26 8.18 8.05 8.07 21 20 6.31 6.18 5.97 5.93 38 
9.38 13.80 


Upper Control Limit = (.469) (2.28) = 1.07 


Lower Control Limit = (.469) (0) = 0 
Roughness Index = 9.38 (10) = 4.69 


20 


Upper Control Limit = (2.28) (.690) = 1.57 
Lower Control Limit = (.690) (0) = 0 
Roughness Index = 13.80(10) = 6.90 


20 
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APPENDIX B 


CALCULATION OF THE ANALYSIS OF VARIANCE 


1. Sum the squares of each observation 


4.652 + 3.892 + 2.297 + .... + 1.80? = 292.24 


. Sum each row, square the sums, sum the squares, 


and divide by the number of observations in 
each row. 


(21.80? + 20.58? + 9.41? + 11.22?) /4 = 256.63 


. Repeat step 2 for columns 


12.102 +- 14.412 + 16.472 + 20.03?) 74 = 278.30 
(12.10? + 14.41? + 


. Repeat step 2 for treatments 


(17.202 + 15.542 + 16.892 + 13.38%)/4 = 250.41 
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SAMPLE No. 5 








STATISTICAL ANALYSIS OF FACTORS AFFECTING CASTING FINISH 


SAMPLE No. 6 
































Subgroup Subgroup 
No. X X X X Range No. X Xx X X Range 
1 5.49 5.61 5.27 5.21 0.40 1 $.33 3.27 3.71 3.44 0.44 
} 4 5.41 5.32 5.25 5.20 0.21 2 3.08 3.19 3.52 3.36 0.44 
3 5.22 5.52 5.23 5.45 0.30 3 3.41 3.37 3.14 3.08 0.33 
4 5.15 5.08 5.08 5.71 0.63 + 2.16 2.18 2.04 237 0.73 
5 4.80 4.64 4.92 5.01 0.37 5 1.75 1.63 1.74 1.93 0.30 
6 4.95 4.98 5.12 5.18 0.23 6 1.93 1.76 1.67 1.87 0.26 
7 5.19 5.08 5.16 5.01 0.18 7 3.49 3.52 3.53 3.42 0.11 
8 6.71 6.05 6.01 6.22 0.70 8 441 3.93 3.84 3.97 0.57 
9 7.47 7.66 7.81 7.72 0.34 9 4.75 4.34 4.48 4.62 0.41 
10 8.32 8.83 8.81 8.69 0.51 10 5.54 5.19 5.08 5.26 0.46 
ll 8.72 8.99 8.61 8.75 0.38 ll 4.22 4.61 4.34 4.18 0.43 
12 5.35 5.41 5.51 5.56 0.21 12 3.32 3.66 4.10 3.30 0.80 
13 5.49 5.40 5.69 5.50 0.29 13 3.35 3.45 3.70 3.31 0.39 
14 5.25 5.29 5.31 5.41 0.16 14 3.82 3.76 3.61 3.11 0.71 
15 5.28 5.04 5.14 5.07 0.24 15 3.49 3.00 3.30 2.95 0.54 
16 5.51 5.67 5.26 5.69 0.43 16 3.23 3.08 3.01 3.64 0.22 
17 5.69 5.84 5.38 5.37 0.47 17 3.22 3.27 3.06 3.25 0.21 
18 5.56 5.38 5.45 5.26 0.30 18 3.32 3.20 3.36 3.16 0.20 
19 5.18 5.31 4.97 5.23 0.34 19 2.89 2.78 2.85 2.75 0.14 
20 5.09 5.52 5.25 5.22 0.43 20 4.34 4.35 4.28 4.26 0.09 
7.12 7.78 
Upper Control Limit = (2.28) (.356) = .812 Upper Control Limit = (2.28) (.389) — .886 
Lower Control Limit = (.356) (0) — 0 Lower Control Limit — (0) (.389) = 0 
Roughness Index = 7.12 (10) = 3.56 Roughness Index = 7.78 (10) = 3.89 
20 20 
SAMPLE No. 7 SAMPLE No. 8 
Subgroup Subgroup 
No. X X xX X Range No. X X x X Range 
l 2.94 2.65 3.48 3.66 1.01 1 1.87 2.58 2.39 1.86 72 
2 3.70 3.03 3.37 3.21 .67 2 0.79 1.03 0.94 1.19 40 
3 3.55 3.35 3.49 3.90 55 3 0.67 .76 75 62 14 
+ 2.73 2.33 2.40 2.23 50 + 2.33 2.49 2.06 2.22 43 
5 7.06 6.73 6.87 6.71 35 5 2.59 2.84 2.12 1.97 87 
6 1.42 1.49 1.90 2.25 83 6 2.15 1.73 2.32 1.96 59 
7 2.54 3.01 2.60 3.14 .60 7 1.23 1.14 1.76 1.02 74 
8 2.20 2.55 1.69 2.91 1.22 8 1.05 1.82 1.77 99 83 
9 2.79 2.74 2.37 2.51 42 9 9.41 8.88 8.53 8.84 88 
10 9.65 9.03 9.86 8.80 1.06 10 98 1.95 .98 1.12 97 
ll 7.25 7.10 7.05 6.92 33 ll 9.63 10.19 9.86 10.18 56 
12 6.98 7.42 7.01 7.07 44 12 6.78 5.92 5.88 6.20 .90 
13 10.11 9.86 10.23 10.05 37 13 6.30 6.93 6.49 7.00 -70 
14 1.16 0.63 0.62 1.03 54 14 2.00 1.49 1.27 1.52 43 
15 5.19 5.50 5.53 5.62 43 15 .98 1.79 1.15 1.09 81 
16 7.08 6.75 7.44 6.92 69 16 10.12 9.76 10.77 10.47 1.01 
17 5.84 5.88 6.29 6.10 45 17 9.74 10.09 9.81 9.21 28 
i8 67 58 81 1.58 1.00 18 8.73 8.05 8.11 8.33 68 
19 1.56 1.30 1.60 1.62 32 19 10.76 10.46 10.10 10.85 75 
20 2.40 2.12 2.58 2.27 46 20 8.20 8.14 8.76 9.17 1.03 
12.24 14.02 


Upper Control Limit = (2.28) (.612) = 1.39 
Lower Control Limit = (0) (.612) = 0 
Roughness Index = 12.24(10) = 6.12 

20 





Upper Control Limit = (2.28) (.701) = 1.59 
Lower Control] Limit = (0) (.701) = 0 
Roughness Index = 14.02 (10) = 7.01 

20 








5. Square the grand total, and divide by the total 
number of observations 
63.017,/16 = 248.14 


The Error Sum of Squares is obtained by taking the 
difference between the Total Sum of Squares and the 
sum of the other components as shown above. 


Mean The Mean Square Derivation 
Source uf Variation Sum of Squares d.f. Square The Mean Square is the Sum of Squares divided 
Sand Fineness 3—5= 30.16 n—1=3 10.05 by the number of Degrees of Freedom where » is the 
Metal Pressure 2—5= 8.49 n—1= 3 2.83 size of the square (see above). 
Wood Flour 4—5=> 2.27 n—1l= 3 -76 The F ratio is the Mean Square of a particular 
Error 3.18 6 = .53 treatment divided by the Mean Square of the Error 


1—5= 44.10 n?—-1 =15 


Total 


term: 
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SAMPLE No. 9 
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SAMPLE No. 10 






































Subgroup Subgroup 
No. X xX xX Range No. X X xX X Range 
1 2.96 2.96 2.50 2.49 A7 l 4.23 4.62 4.70 4.51 47 
2 2.76 2.54 2.72 2.77 23 2 4.39 4.35 4.49 4.56 21 
3 2.68 2.81 2.70 2.68 13 3 4.75 4.57 4.68 4.81 24 
4 2.67 2.78 2.62 2.69 16 4 4.62 4.71 4.48 4.51 23 
5 2.76 2.72 2.75 2.80 08 5 4.25 4.36 4.29 4.32 11 
6 2.55 2.59 2.69 2.56 14 6 4.50 4.40 4.41 4.40 10 
7 2.15 2.01 2.18 2.05 17 7 4.16 3.98 3.86 3.99 30 
8 0.93 0.73 0.70 0.92 23 8 3.58 3.55 3.53 3.55 05 
9 9.64 9.75 9.57 9.51 24 9 4.61 4.66 4.58 4.58 .08 
10 0.28 0.65 0.50 0.65 38 10 4.52 4.25 4.62 4.40 37 
11 0.58 0.36 0.39 0.56 .22 1] 44] 4.40 4.58 4.51 18 
12 0.56 0.65 0.61 0.61 09 12 4.58 4.44 4.59 4.39 20 
13 0.84 0.87 0.74 0.78 13 13 4.62 4.48 4.37 4.48 25 
14 1.52 1.35 1.39 1.25 27 14 4.51 4.61 4.57 4.50 jl 
15 0.84 0.59 0.69 0.71 25 15 4.75 4.64 4.59 4.77 18 
16 9.28 9.46 9.32 9.36 18 16 4.76 4.63 4.66 4.56 .20 
17 8.89 8.61 8.54 8.59 35 17 4.58 4.47 4.54 4.38 .20 
18 9.60 9.77 9.59 9.60 18 18 4.41 4.43 6.69 4.56 .28 
19 9.62 9.60 9.67 9.69 09 19 4.51 4.57 4.60 4.59 .09 
20 9.72 9.65 9.60 9.53 19 20 4.55 4.57 4.67 4.89 34 
4.18 4.19 
Upper Control Limit — (2.28) (.209) — .476 Upper Control Limit = (2.28) (.210) = .478 
Lower Control Limit — (0) (.209) = 0 Lower Control Limit = (0) (.210) = 0 
Roughness Index — 4.18 (10) = 2.09 Roughness Index — 4.19(10) — 2.10 
20 - 20 — 
SAMPLE No. 11 SAMPLE No. 12 
Subgroup Subgroup 
No. X x », 4 Range No xX Xx xX xX Range 
1 2.53 2.69 2.59 2.52 17 l 7.91 8.03 7.89 8.00 14 
2 2.49 2.52 2.66 2.51 17 2 7.93 8.09 7.73 72 36 
2 2.49 2.49 2.49 2.66 17 3 8.10 7.92 7.92 8.08 18 
+ 2.29 2.19 2.36 2.24 17 4 7.65 7.56 7.78 7.79 23 
5 9.21 9.45 9.24 9.64 43 5 7.24 7.34 7.29 7.03 31 
6 9.23 9.29 9.32 9.24 09 6 7.34 7.24 7.27 7.18 16 
7 7.13 7.02 7.04 6.94 19 7 7.77 8.01 8.02 8.00 25 
8 6.98 7.04 6.81 6.94 .23 8 8.28 8.19 8.08 8.07 21 
9 6.82 6.80 6.96 6.58 38 9 8.05 8.16 8.13 7.90 26 
10 6.62 6.55 6.59 6.60 07 10 8.15 7.67 7.98 7.48 67 
ll 8.48 8.48 8.55 8.71 23 11 8.01 7.89 7.90 7.68 33 
12 8.37 8.39 8.30 8.40 10 12 7.60 7.40 7.49 7.39 21 
13 8.19 8.26 8.24 8.17 09 13 7.41 741 7.35 7.53 18 
14 8.09 8.27 8.13 8.09 18 14 8.31 7.90 7.84 8.42 58 
15 8.09 7.96 8.03 8.42 46 15 7.57 7.53 7.83 7.49 34 
16 5.38 5.11 5.11 5.13 27 16 5.31 5.67 5.46 5.19 48 
17 4.88 4.86 4.81 4.72 16 17 5.50 5.37 5.81 5.79 42 
18 4.49 4.06 4.47 4.56 50 18 5.73 5.85 5.80 5.82 12 
19 3.03 3.02 3.08 2.91 17 19 5.46 5.56 5.59 5.79 .23 
20 8.04 7.99 7.96 8.18 22 20 4.99 5.12 5.33 5.00 34 
4.45 6.00 


Upper Control Limit = (2.28) (.222) = .506 


Lower Control Limit = (0) (.222) — 0 
Roughness Index — 4.45 (10) = 2.22 





Upper Control Limit — (2.28) (.307) — .684 
Lower Control Limit — (0) (.307) = 0 
Roughness Index — 6.00 (10) = 3.00 




















20 20 
1. Sand Fineness APPENDIX C 
F — 19- _ 18 96 THE q STATISTIC 
53 Hypothesis: The means of the extreme levels of the 
2. Metal Pressure wood flour variable are equal. 
F— 2.83 _ 5.33 Reject the hypothesis: If the calculated q value is 
waa ag pl greater than the value at the 95 per cent level of q: 
3. Wood Flour i.e., greater than 49 ; 
76 __ _W where: w is the difference between 
F= 3 = 148 t="; the means of the extreme 
“ levels of a variable, and s 












































STATISTICAL ANALYSIS OF FACTORS AFFECTING CASTING FINISH D. 

SAMPLE No. 13 SAMPLE No, 14 are 

if 

Subgroup Subgroup or 
No. X xX xX xX Range No. X X X Xx Range re} 
1 9.57 9.52 9.80 9.60 28 1 6.40 6.38 6.53 6.48 15 o 
2 9.57 9.52 9.50 9.57 07 2 6.59 6.67 6.64 6.83 24 ae 
3 9.04 9.03 8.86 8.89 18 3 5.24 5.27 5.22 5.18 09 the 

4 9.03 9.08 9.04 8.92 16 ft 4.08 4.16 4.26 3.98 28 y 

5 8.90 8.91 9.00 9.12 22 5 4.09 3.81 3.96 3.93 28 ad 
6 8.99 8.94 9.08 8.97 14 6 3.87 3.80 3.74 3.72 15 alt 
7 9.43 9.46 9.33 9.28 18 7 3.68 3.65 3.88 3.94 29 ” 
8 9.23 9.15 9.15 9.31 16 8 4.35 4.32 4.43 4.80 48 ae 
9 9.76 9.80 9.81 9.92 16 9 5.24 ».07 5.32 5.14 25 ~ 
10 9.74 9.80 9.76 9.81 07 10 4.28 4.57 4.77 4.28 49 
1 8.89 9.01 8.96 8.83 18 ll 5.11 5.21 5.18 5.04 17 oe 
12 8.84 8.74 8.83 8.97 28 12 6.07 5.79 5.82 5.74 33 al 
13 8.99 9.22 9.16 9.18 23 13 5.96 5.87 6.03 6.05 18 se 
14 9.48 9.41 9.36 9.53 17 14 5.82 5.83 5.35 5.62 48 = 
15 9.26 9.47 9.37 9.42 21 15 5.08 5.05 5.41 5.24 36 ” 
16 10.16 10.35 10.41 10.33 25 16 4.10 4.41 4.27 4.16 $1 res 
17 9.88 9.84 10.04 10.00 20 17 4.35 4.14 4.07 4.18 28 _ 
18 10.39 10.32 10.46 10.47 15 18 3.96 4.25 3.96 4.27 31 ond 
19 10.89 11.02 11.13 11.15 26 19 5.29 5.54 5.56 5.61 32 ap 
20 11.11 11.14 11.14 11.22 ll 20 5.28 5.42 5.22 5.15 a7 a 
3.61 5.71 ‘ 

Upper Control Limit = (.180) (2.28) = .410 Upper Control Limit = (228) (.286) = .652 = 
Lower Control Limit = (.180) (0) = 0 Lower Control Limit — (0) (.286) = 0 ~ 
Roughness Index = 3.61 (10) = 1.80 Roughness Index = 5.71 (10) = 2.86 | “e 

20 20 we! 

Th 

wel 

SAMPLE No. 15 SAMPLE No. 16 one 

Subgroup Subgroup uy 
No. X X X X Range No. xX xX Xx X Range ms 
l 5.78 5.77 5.73 6.05 32 l 6.19 6.10 6.03 6.12 16 1 
2 6.21 6.10 6.11 6.19 ll 2 6.54 6.51 6.68 6.71 .20 pre 
3 6.31 6.21 6.08 6.34 .26 3 5.89 6.22 6.02 5.88 34 fou 
4 6.04 6.33 6.11 6.37 33 4 5.51 5.54 5.21 5.83 62 len 
5 5.30 5.29 5.66 5.27 39 5 3.15 3.25 3.49 3.13 36 lat 
6 5.09 5.09 4.95 5.02 14 6 2.59 2.47 261 2.62 15 fou 
7 5.56 6.28 5.53 5.95 75 7 1.26 1.34 1.18 1.34 16 N 
8 5.92 5.52 5.91 5.15 77 8 1.39 1.23 1.26 1.27 16 mai 
9 3.55 3.52 3.58 3.31 27 9 1.39 1.67 1.25 1.54 42 at | 
10 3.01 2.68 2.76 2.67 34 10 1.43 1.58 1.45 1.46 15 san 
ll 2.67 2.70 2.54 2.60 16 ll 1.28 1.04 1.35 1.22 31 J 
12 5.49 5.03 5.26 5.01 48 12 3.16 3.25 3.56 3.64 48 pat 
13 5.18 4.88 4.91 4.90 30 13 2.07 2.15 2.22 2.30 .23 cen 
14 5.39 5.10 5.09 5.43 34 14 7.98 8.04 8.15 7.81 34 var 
15 5.08 4.91 5.07 4.96 17 15 7.11 6.94 6.92 7.16 24 ing 
16 5.07 5.02 5.19 4.87 32 16 5.59 5.55 5.83 5.66 .28 liar 
17 5.23 5.00 4.93 4.87 36 17 4.61 4.60 4.77 4.38 39 of | 
18 5.20 5.45 5.13 5.49 36 18 3.35 3.89 3.98 3.50 63 ( 
19 5.38 5.59 5.24 5.6h 37 19 5.28 5.29 5.35 5.30 .07 tior 
20 5.08 5.42 5.11 5.36 34 20 5.62 5.25 5.08 5Al 54 of 
ee i —_ nat 
6.88 6.23 for: 
Upper Control Limit = (2.28) (.344) = .784 Upper Control Limit = (.312) (2.28) = .711 san 
Lower Control Limit = (0) (.344) = 0 Lower Control Limit = (.312)(0) = 0 inst 
Roughness Index = 6.88 (10) = 3.44 Roughness Index — 6.23 (10) = 3.12 7 
20 2 deli 
sure 
of | 
is the standard error of the DISCUSSION ~ 
means Chairman: J. H. LANsiNG, Malleable Founders’ Society, Cleve- \ 

land. : 
ee 17.29 — 13.38 — 262 Co-Chairman: C. F. Quest, J. F. Quest Foundry Co., Min- tt 
q= 4 nae neapolis. 
— Secretary: F. P. GoETTMAN, Standard Sand Co., Grand Haven, a 
53 Mich. duc 
- 4 D. C. WituiaMs (Written Discussion):* The recent number of ~ 
papers that have appeared relative to the surface appearance 

‘ 4 . of castings indicates that the subject warrants more considera- ete 
Since 2.62 is less than 4.9, there is no reason to sus- tion. In discussing the subject with molders and molding sity, 
pect that these levels are different. machine operators opinions are expressed that the customers Pte 














D. C. Ekey ANp J. E. GOLDREss 


are crazy when they ask for a good looking casting. However, 
if you ask these same molders if they will accept an automobile 
or a refrigerator with surface scratches or pimply surfaces the 
reply is always “that’s different.” It would be interesting to 
determine from whence comes this opinion molders have con- 
cerning casting appearance. Could it have been passed on to 
them through the comments and attitude of supervision? 

The authors indicate the “right” combination sand, benton- 
ite and water when molds may result in a casting having poor 
surface finish. It can be stated that this “right” combination 
would produce castings with acceptable surface finish if proper 
attention had been given to molding procedures and gating 
techniques. 

It is interesting to note that the authors found that differ- 
ences in weight applied during jolting could not be correlated 
with mold hardness readings. This probably should be antici- 
pated because any weight placed upon the sand will compact 
only the material near the surface where the weight rests. 
The weight would accomplish no more than the compaction 
resulting from the squeeze procedure of firming the top of the 
mold and eliminating the butt ramming and strike off pro- 
cedure. This lack of correlation between mold hardness and 
applied weight should help to confirm that the mold hardness 
at the cavity surface is related to the height of sand above the 
pattern and the number of jolts. 

The text of the paper does not state that the surface rough- 
ness measurements were made on the drag surfaces of the cast- 
ing but inspection of Fig. 4 would indicate that this was done. 
Since the drags, cheeks and copes were compacted by jolting 
the mold hardnesses on the cope side of the molds probably 
were considerably below that of the drag side of the molds. 
Therefore the rate of heat dissipation from the drag surfaces 
were greater. Future investigation to determine if there is a 
correlation between surface finishes and rate of heat dissipa- 
tion might prove to be of interest. 

The data shown in the paper confirm that when using finer 
sized sand grains the result will be smoother castings. 

The paper is important, if for no other reason, because it 
presents again* some of the statistical tools available to the 
foundry industry when its members wish to evaluate a prob- 
lem. The paper contains a quotation from R. A. Fisher the 
latter part of which will bear inspection by members of the 
foundry industry when having to solve problems. 


Mr. Ekey (Reply to Dr. Williams): Absolutely no claim is 
made for a “right” sand mixture. This research was directed 
at the study of individual variables (no interactions) in a mold 
sand mixture. Such an understanding is basic. 

Jolting was used because it gives a harder surface at the 
pattern-mold interface. The hardness was increased 300 per 
cent by the use of weights. The main difficulty was not in 
varying the mold hardness, but rather a difficulty in minimiz- 
ing the variation of hardness of a given mold surface. Dr. Wil- 
liams is to be congratulated on recognizing the basic objective 
of this paper. 

Co-CHAIRMAN Quest: In the first paragraph of the introduc- 
tion in the paper the authors refer to molding sand consisting 
of a “natural or synthetic sand. . .” Since all sands are of 
natural occurrence and only the introduction of bonding agents 
foreign to a particular natural deposit results in a synthetic 
sand, it is felt that this is a misuse of the terminology in this 
instance. 

The following sentence states that total cost of these materials 
delivered to the hopper is two or three cents per 100 Ib. | am 
sure that a check with any operating foundry in any section 
of the country will show that their sands cost a minimum of 
thirty cents per 100 lb purchased, delivered, prepared and placed 
at the molders’ disposal. 

Mr. Ekey: This figure was taken from an article “Evaluat- 
ing Molding Methods,” by C. E. Maddick, AMERICAN FounpRy- 
MAN, vol. 24, Sept. 1953, pp. 48-52. 

Co-CHAIRMAN Quest: In the second paragraph of the intro- 
duction in the paper, reference is made to other methods of 
molding than the green sand technique. The implication is 
made that the choice is based entirely on improved surface 


_ 1 Associate Professor, Dept. of Industrial Engineering, Ohio State Univer- 
sity, Columbus, Ohio. Pas 

*Gonya, H. J., and Ekey, D. C., ‘Determination of Metal Penetration in 
Sand Molds,” Transactions, AFS, vol. 59, p. 253 (1951). 
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finish. This does not take into consideration that for long 
runs of non-ferrous castings the die casting technique actually 
has a lower cost than the green sand method and that the in- 
vestment casting and shell molding methods have the advantige 
of improved casting accuracy to the extent that scme machin- 
ing operations can be eliminated, thereby obtaining an econ- 
omy in the overall cost of the finished part. This does not 
imply that the authors’ goal of improved surface finish for 
green sand castings would not improve their competitive posi- 
tion, but these factors should be included in any analysis com- 
paring these methods of producing castings. 

Mr. Ekey: Our paper very clearly states that surface finish 
is “one of the major advantages This clearly implies 
that we recognize the numerous alternatives in selecting a 
casting process. 

Co-CHAIRMAN Quest: The conditions outlined by the authors 
for their experimental procedures include a standard molding 
sand mixture containing 10 per cent by weight southern benton- 
ite and 5 per cent water. This mixture is too far removed 
from normal foundry conditions to give results which are 
readily translated into commercial operating practice. 

H. W. Dietert, in the Charles Edgar Hoyt Lecture, “Process- 
ing Molding Sand,” p. 1 in this volume, indicated that normal 
percentage composition of either southern or western ben- 
tonite used alone in sand as the bonding agent was approxi- 
mately 4 per cent by weight. Either the authors did not have 
proper sand mixing equipment to obtain normal efficiency from 
the bonding agent or some other part of their experimentai 
equipment was too far removed from normal conditions to 
work with a prepared sand of average green strength proper- 
ties. 

There is a foundry near the writer’s location which is pro- 
ducing stack molds of 2-in. section depth using a prepared 
sand containing southern bentonite as the sole bonding agent 
in the range of only 4 per cent by weight and working with 
conventional molding machine equipment. 

Mr. Ekey: Mr. Quest is quite correct in his statement that 
4 per cent bentonite is common shop practice. However, the 
10 per cent bentonite (used in other tests by Briggs and Morey, 
see pp. 355-361, The Metallurgy of Steel Castings, by C. W. 
Briggs) is not so unreasonable that it invalidates the data of 
this paper. 

Co-CHAIRMAN Quest: The authors have investigated the effect 
on surface finish of mold hardness resulting from a variation 
in applied weight during the jolting operation. The applied 
weight was varied from 0 to 105 Ib in 35-lb increments for a 
constant condition of 20 jolts. It is the writer’s opinion that 20 
jolts is excessive for the flask section size and depth used in 
this experiment and accordingly would obscure the effect of 
varying the applied weight. 

However, normal foundry practice for the production of 
stack mold sections involves jolting with no applied weicht 
followed by a squeeze operation wherein the release or maximum 
squeeze pressure is a variable which can be controlled by an 
adjustment on the molding machine and which is regulated to 
fit working conditions. This type of molding procedure using a 
minimum jolting would have produced laboratory results hav- 
ing the possibility of being correlated to normal foundry 
practice. 

Mr. Ekey: With the physical set-up of this experiment it 
was impossible to hold the sand in the flask with less than 
20 jolts. The author has produced molds from 0 to 50 jolts in 
production shops. The squeeze pressure in our set-up was not 
adequate to produce a sensitive variation of mold hardness 
(neither was the jolting). Further experiments will utilize sand 
test specimens as the variable environment to overcome this 
difficulty of hardness variation. 

Co-CHAIRMAN Quest: If it were possible for the authors to 
prepare some of their statistical results in graph form it is felt 
that the material would be of more value to the average reader 
who has a great tendency to bypass lengthy tables of statistics. 

Mr. Ekey: Those acquainted with the statistical mathematics 
used in this paper realize that the data (per se) is not adaptable 
to graphic presentation. The paper does have a conclusion 
with three summarizing statements. These conclusions are 
presented prior to the “lengthy tables” of data so that the 
non-scientific reader can stop. The tables of data are provided 
for the more technical reader. 











EFFECT OF MOISTURE CONTENT ON SILICA SAND 


E. D. Sayre* and C. T. Marek** 


Introduction 


Molds have been made of sand and a binder since 
the discovery of the art of founding. Through all the 
ages, man has searched the earth and studied the 
sciences to find or develop a better bond for molds. 
He had gone a long way in this venture, but through 
all his trials, man had in most cases, used water as an 
ingredient in the bonding process. 

Although much data had been accumulated from a 
multitude of investigations on the effect of water and 
other ingredients on various molding sand mixtures, 
it is the authors’ opinion that an added contribution 
may be made in the study of controlled segregated 
two-phase systems. This was attempted in the study 
of sand (graded to a single AFS screen size) and dis- 
tilled water. Bulk density, mold hardness and com- 
pressive strength were studied under these controlled 
conditions. 

These experiments gave opportunities to correlate 
theoretical studies with observed experimental data 
to promote a better understanding of the sand system 
so that it may be controlled more precisely. 

Summary of Work and Results — Four different 
sand grain sizes were used and the moisture content 
was varied from zero per cent up to the inundation 
point. 

Wherever possible, standard foundry sand test 
equipment and methods were used. An innovationt 
was used to test the unrammed or so-called gravity 
bulk density of sand. Clean silica sand and distilled 
water were used in the research. 

It was determined that sand bulk density decreases 
to a minimum as water is added, and then increases, 
approaching a maximum near the point of inunda- 
tion. Hardness and compressive strength increase ac- 
cordingly, and approach a constant maximum as mois- 
ture content increases. Corresponding to a decrease in 


* Technical Engineer, Materials Laboratory, Aircraft Gas Tur- 
bine Division, General Electric Co., Cincinnati, Ohio. 

** Associate Professor, Department of General Engineering, 
Purdue University, Lafayette, Ind. 
+ Described under paragraph “Equipment and Methods.” 






grain size, the minimum bulk density drops and a 
greater maximum strength and hardness develops. 

Recommendations for Further Work — On the 
basis of experience derived from this project, it is the 
authors’ belief that further study of molding compon- 
ents on each other, such as the effect of moisture with 
and without certain inhibitors and activators on vari- 
ous types of clays, oils, cereals, resins, phenols, plastics 
and other types of fillers and binders would contribute 
greatly to sand technology. Also, the effect of these 
binders and fillers on sands of definite shape and parti- 
cle size should be studied. Finally, the effect of single 
components on controlled mixtures of the others 
should be studied to build an organized pool of know- 
ledge from which one may scientifically design better 
molding materials. 


Theoretical Considerations 


Some Theories of Water Bonding — It is generally 
known that the percentage of water in sand has cer- 
tain effects on sand properties, such as bulk density, 
permeability, compressive strength and hardness. The 
bulk density of sand or a sand-clay mixture tends to 
decrease as the moisture content is increased to a 
point where minimum bulk density occurs. As the 
moisture content increases beyond the amount re- 
quired for minimum bulk density, an increasing bulk 
density takes place and it continues to increase until 
some point is reached where bulky density is affected 
by the difference in the density of water and sand. In 
clean sand, however, the bulk density shows no notice- 
able drop after reaching a maximum density, be- 
cause it can hold so much water before becoming 
flooded. 

There have been many theories advanced to ex- 
plain the minimum bulk density phenomenon. Most 
of these theories incorporate the Helmholtz Double 
Layer Theory or the Gouy Diffuse Double Layer 
Theory. Both of these theories basically say that any 
phase boundary has charges at the interface; there- 
fore, small particles such as sand grains have charges 
on their surfaces. These surface charges cause the 
water in the mixture to ionize or hydrolize and form 
diffuse layers around the small particles. Since watet 
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is a dipolar molecule it may be thought of as a small 
particle with opposite charges on either end. Thus, by 
proper orientation the water dipole is attracted to a 
charged surface. 

Wulf, Taylor and Shaler’ call small particles of clay 
or sand, that contain this hydroxyl layer, micelles. 
They explain that the charges on the micelles are 
localized at certain points to give the micelles an ac- 
tion similar to that of a magnet. There is always a 
certain intermicellar distance, the result of a com- 
promise between the forces of attraction and repul- 
sion. These two forces, repulsion of “like’’ charged 
masses, and attraction of “unlike” charged concentra- 
tions are used to explain the phenomena of changing 
bulk density, and increased bond strength with in- 
creasing moisture content. 

Schwartz? attributes the decrease in bulk density 
and increase in strength, to the sand grains being cov- 
ered with a thin layer of clay which swells and sticks 
together when moisture is added. This reasonably ex- 
plains the action of sand-clay mixtures but it does not 
explain why these phenomena are found in clean 
silica sand bonded with distilled water. 

Grim and Cuthbert® attribute the minimum bulk 
density in a clay, sand, and water mixture to a clay- 
water coating around each sand grain. They have cal- 
culated the number of molecular layers of water sur- 
rounding the sand grain and credit this rigid layer 
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Fig. 1—Effect of various degrees of moisture content on 
properties of sand. 
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with increasing the effective sand grain diameter, thus 
decreasing the bulk density. When these calculations 
are carried further to determine the addi:'on of four 
molecular layers of water to the diameter of the sand 
grain they show the volume ratio to increase roughly 
1 to 1 + 64-8, This ratio can in no way account for 
the large decrease in bulk density. The idea that the 
clay surrounding the sand grains plays a part in these 
phenomena can not explain the decrease in bulk 
density and increase in strength of pure silica sand 
and distilled water. 

Briggs* has a good explanation for the bulk density 
phenomenon. He has not gone into the physical theory 
back of his explanation, but the explanation more 
closely fits experimcntal results than any other. He 
states that the density of a rammed sand specimen is 
largely controlled by the frictional resistance between 
the grains. He traces the degree of frictional resistance 
to the following factors: (1) size of the grains, (2) 
shape of the grains, (3) surface condition of the 
grains, (4) distribution of the grains, and (5) water 
content. He states that density increases with increas- 
ing grain size and moisture content and that rounded 
sand packs to a greater density. 

His theory is as follows: “The dry apparent density 
decreases as the intergranular space increases. As the 
water content is increased, it tries to surround the in- 
dividual grains with a water film. The film grows 
thicker and stronger and increases the friction be- 
tween grains until a critical film thickness is reached. 
Any increase in water content above the critical 
amount has no influence on friction. The critical 
amount of water is greater for a fine grained sand 
because the surface area is greater.” 


Proposed Theory — The following theory explains 
the authors’ conception of the causes of the changes in 
bulk density, compressive strength, and hardness of 
pure silica sand and water mixtures. 

When the sand is completely dry there is little or 
no friction between the grains; therefore, as shown 
in A of Fig. 1, the packing force vector easily over- 
comes the friction vector and the grains become close- 
ly packed, giving a high bulk density. For the same 
reason dry sand has no rammed hardness or compres- 
sive strength since the sand grains easily slide past 
each other. 

As moisture is added to the sand, it spreads evenly 
over the sand grains. At moisture contents below 
and up to that required for minimum bulk density 
there is not enough moisture present to be fluid in the 
mixture, Since each sand grain has positive charges 
at its surface it attracts the negative half of the dipolar 
molecule, or, if it is more easily explained by hy- 
drolysis, we may say the positive charges on the sand 
grain attract the negative hydroxyl ions. There is, 
however, considerable argument against hydrolysis, 
especially in this condition of low free energy and 
mobility. 

The positive part of the dipole is now on the 
outside leaving a charged surface. This phenomenon 
causes a rigid water film of from two to six molecules 
thickness to be built around each sand grain, and fills 
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in between the grains with a rigid wedge as shown in 
B of Fig. 1. This condition increases the friction be- 
tween sand grains so that they cannot move into the 
closely packed positions. Thus we have an increase in 
volume or a decrease in bulk density. It is readily seen 
that this sand will have larger voids and will produce 
a more permeable mixture than dry sand. 

This phenomenon can also be used to explain the 
increase in hardness and compressive strength. Since 
both the hardness and compressive strength tests are 
deformation or packing tests, this increased friction of 
the sand grains due to the rigid moisture layer causes 
the hardness and compressive strength to increase. 
Naturally if it is more difficult to get sand grains to 
slide past one another it is more difficult to deform 
the sand mass. 

The increase in bulk density after the minimum 
point is ~2ached, and the leveling off of hardness and 
strength at a certain moisture content, must also be 
explained. 

These phenomena can be readily explained by 
reasoning that after the moisture content reaches a 
certain amount, it acts as a lubricant and helps to 
allow the sand grains to move into closely packed posi- 
tions. As the moisture content increases, there may be 
a fluid layer or film around two or more sand grains, 
as shown in C, Fig. 1. Having a greater molecular 
mobility than the rigid layer, this fluid layer produces 
a lubrication effect. This explains the increase in bulk 
density but does not explain the continued increase 
and eventual leveling off of the hardness and com- 
pressive strength values. 

Although there is a fluid film surrounding two sand 
grains we have two forces contributing to the strength 
of the mass: the force required to break the fluid film, 
or surface tension; and the shear force and friction 
force associated with the thin wedge still present at 
the contact point between sand grains. Since these 
factors are constant for a constant size and since a 
sand of a certain grain size can hold only so much 
water, the excess being squeezed out during ramming, 
the hardness and compressive strength will reach a 
maximum for each grain size. A smaller grain size 





Fig. 2—Equipment used in gravity bulk density tests. 
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results in higher strength and hardness, since there 
are more sand contact points and a greater total sur- 
face area. 

The friction effect may be considered also from the 
thermodynamical standpoint. In dry sand where we 
have low friction we have low surface free energy 
since we have only a single phase interface, solid-gas- 
solid. In moist sand at minimum bulk density we have 
a greater surface free energy since we have two phase 
boundaries, solid-liquid-gas-liquid-solid. In the case 
of wet sand we have reduced friction because of lower 
surface free energy with only two phases present again, 
solid-liquid-solid. 


Equipment and Test Methods 


Wherever possible, standard foundry sand testing 
equipment and methods were used in this experiment. 
However, a specially designed method was used to 
test the so-called gravity bulk density. For this test the 
sand was passed through a No, 6 mesh screen, mount- 
ed in a Coombs gyratory riddle, into a container as 
shown in Fig. 2. The screen was vibrated for every 
sample so that, in effect, all sand filled the container 
from a height of 12 in., the height of the screen above 
the table. 

All samples were weighed (in grams) on a beam 
balance. All rammed samples were rammed three 
times in an AFS standard ram. Moisture content was 
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Fig. 3—Sand grains depicted as observed in various mois- 
ture content conditions. 
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TABLE 1—EFFECT OF WATER ON COARSE GRADE SILICA 
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TaBLe 3—-EFFECT OF WATER ON FINE GRADE SILICA 











SAND 5 
. . . AND 
Grain size: —28, + 35 Screen Mesh. Sample weight, se F 
3275 grams Grain Size: —150, +200 Screen Mesh. Sample Weight 
3396 grams. 
Bulk Density Com- ; , 
Bulk Density AFS Rammed Hard- pressive ; Bulk _ Density Com- 
Water, (Gravity Fall) Specimen ness* Strength, Bulk _ Density AFS Rammed Hard- pressive 
%  g/1116.37cc g/ccg/2-in. specimen g/cc Number psi Water, (Gravity Fall) Specimen ness Strength, 
tien % g/1116.37cc g/cc g/2-in. specimen g/ccNumber psi 








0 1892.5 1.695 — — mb aan 
0.1 1718.0 1.539 a —— als — 
1.1 1649.0 1.477 —— —— = a 
1.3 1650.0 1.478 — 0.10 
1.8 1635.5 1.465 165.6 1.608 — 0.10 
2.0 1630.0 1.460 167.0 1.622 = 0.15 
2.9 1579.0 1.414 170.4 1.655 —_ 0.15 
3.0 1610.0 1.442 171.2 1.662 — 0.15 
3.4 1599.0 1.432 171.0 1.660 _ 0.15 
3.5 1627.5 1.457 170.0 1.651 — 0.15 
4.0 1625.0 1.456 173.6 1.686 — 0.15 
4.9 1669.0 1.495 175.4 1.703 — 0.15 
5.0 1650.0 1.478 175.4 1.703 — 0.15 
5.6 1670.0 1.496 176.2 1.711 — 0.15 
6.1 1704.0 1.526 176.0 1.709 = 0.15 
6.2 1706.0 1.528 176.8 1.717 — 0.15 


Hardness was too low to be tested with instrument in use. 





TABLE 2——EFFECT OF WATER ON MEDIUM GRADE 
SILICA SAND 
Grain size: —65, +100 Screen Mesh. Sample weight 























3014 grams. 
Bulk Density Com- 
Bulk Density AFS Rammed Hard- pressive 

Water, (Gravity Fall) Specimen ness Strength, 

% g/1116.87cc g/cc g/2-in. specimen g/ccNumber __ psi 

0 1746.0 1.564 —_ ies 

0.3 1440.0 1.290 155.2 1.507 | 0.1 

1.1 1192.0 1.068 154.4 1.499 12 0.6 

1.2 1229.5 1.101 153.2 1.488 15 0.7 

2.0 1132.0 1.014 152.4 1.480 17 0.8 

2.7 1125.5 1.008 155.2 1.507 17 0.95 

3.6 1145.5 1.026 157.2 1.526 20 0.95 

4.6 1106.0 0.991 159.2 1.546 21 1.00 

5.5 1094.0 0.980 159.8 1.552 24 1.00 


6.4 1142.5 1.023 162.4 1.577 22 1.00 
6.9 1176.0 1.053 165.8 1.610 21 1.10 
8.5 1239.5 1.110 168.4 1.635 24 1.15 
92 1243.5 1.114 173.2 1.682 26 1.30 
11.1 1297.5 1.162 174.0 1.690 29 1.40 
12.2 1306.5 1.170 177.2 1.721 28 1.40 
13.8 1327.0 1.189 183.2 1.779 31 1.40 





0 1637.5 1.467 — — wine ictal 
0.3 1588.5 1.422 — a nde jeieatin 
0.4 1626.5 1.456 — aie — 
0.9 1136.5 1.018 151.2 1.468 18 0.95 





15 1056.0 0.946 148.8 1.445 21 1.15 
2.4 1032.0 0.924 149.8 1.455 29 1.30 
3.1 1034.0 0.926 151.8 1.474 36 1.40 
4.2 1018.0 0.912 152.4 1.480 36 1.65 
4.4 980.5 0.878 150.0 1.457 35 1.50 
5.0 1071.0 0.959 155.4 1.509 39 1.60 
5.8 972.0 0.871 157.2 1.526 39 1.65 
6.2 1012.5 0.907 157.6 1.530 89 1.70 
8.0 1069.0 0.958 163.4 1.577 44 1.75 
8.6 1055.0 0.945 164.8 1.600 44 1.85 
9.4 1084.0 0.971 164.4 1.596 40 1.90 
9.8 1097.0 0.982 164.4 1.596 42 1.90 
10.6 1138.0 1.019 167.6 1.627 40 1.90 
12.5 1215.0 1.088 176.0 1.709 42 1.90 





EFFECT OF WATER ON VERY FINE GRADE 
SILICA SAND 
Grain Size: —200, +270 Screen Mesh. Sample Weight, 


‘TABLE 4 











2624 grams. 
Bulk Density Com- 
Bulk Density AFS Rammed Hard- pressive 
Water, (Gravity Fall) Specimen ness Strength, 
y, g/1116.37cc g/ccg/2-in. specimen g/cc Number psi 
0 1612.0 1.444 aie. va 
0.3 1302.0 1.166 151.8 1.474 6 0.3 
1.0 1107.0 0.992 150.0 1.457 30 1.05 
2.1 1010.0 0.905 149.6 1.453 42 1.60 
3.0 965.0 0.864 152.0 1.476 39 1.70 
4.0 972.0 0.871 154.4 1.499 39 1.75 
5.0 991.0 0.888 156.4 1.519 44 1.95 
6.2 946.0 0.847 158.0 1.534 42 1.75 
7.0 993.0 0.889 158.8 1.542 44 2.10 
8.5 999.0 0.895 159.6 1.550 46 2.15 
9.6 1035.5 0.928 163.6 1.589 46 2.45 
10.8 1090.5 0.977 165.4 1.606 48 2.35 
12.9 1127.5 1.010 172.0 1.670 46 2.30 


14.2 1179.0 1.056 178.0 1.728 48 2.70 





determined with a moisture teller and _ balance. 
Green compressive strengths were determined with a 
spring load green compression tester. All sand water 
mixtures were thoroughly mixed by agitation in a 
large glass jar. Hardness was read with an AFS stand- 
ard hardness tester. Figure 2 illustrates the equipment 
used in this test. 


Experimental Procedures 


The sand and water were thoroughly mixed, and 
the mixture was passed through the vibrating screen 
into the container until the container was filled to a 
well mounded excess. The excess was removed by 
striking it off, and the container of sand was weighed 
to the nearest one-half gram, The gravity bulk density 
was calculated by dividing the weight of sand by the 
volume, Samples for all other tests were removed from 


the container so the moisture content would be as 
nearly as possible the same in all tests. 

A 50-gram sample was removed and tested for mois- 
ture with the moisture teller. Two standard samples 
were taken from the container and given three rams 
with the sample rammer. One of these samples was 
used to test green compressive strength, the other was 
used to test the rammed bulk density and hardness. 

This procedure was carried out on sand classifica- 
tions of -28+-35 mesh, -65-+-100 mesh, -150-+-200 mesh 
and -200+-270 mesh. The tests were continued until 
the sand became too wet to handle and the rammer 
was squeezing water out of the sand mixture. 


Results and Conclusions 


The results of the tests on the four sand sizes are 
shown in Tables 1, 2, 3, and 4. 
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Fig. 4—Effect of 5% moisture on sand density. Samples 
on right of each group are moisture free. 
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Fig. 5—Effect of moisture on bulk density of unrammed 
silica sand. 


While the term gravity bulk density may not be 
common nomenclature in foundry sand literature, it 
is felt the data from this test depects the effect of mois- 
ture on a sand system. The drawings in Fig. 3 show 
how the sand appears through glass at the various 
moisture contents. The appearance is generally the 
same in both unrammed and rammed sand, except 
that the voids shown in B are, of course, fewer and 
smaller in the rammed condition. This cbservation 
of three conditions, namely dry, tempered, and excess 
moisture, upholds the proposed theory of water 
bonding. 

Figure 4 shows the effect of 5 per cent water on 
equal weights of the four grades of sand used in this 
experiment. All samples are unrammed and the cylin- 
ders on the left in each case have the 5 per cent dis- 
tilled water added. It can be easily seen that both the 
dry bulk density and (5 per cent water) bulk densities 
decrease as the grain size decreases. 
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Fig. 6—Effect of grain size on minimum bulk density of 
unrammed silica sand. 
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Fig. 7—Effect of moisture on bulk density of rammed 
silica sand. 


Figure 5 shows the effect of moisture content on the 
gravity bulk densities of the various sands tested. The 
lines from O to the moisture per cent required for 
minimum bulk density are probably hyperbolic. The 
curve probably changes at the minimum bulk density 
point and becomes an exponential approaching some 
maximum value. These results also uphold the pro- 
posed theory concerning bulk density. 

Plotting the minimum gravity bulk densities, as in 
Fig. 6, of the four experimental grades of sand, in- 
dicates that the effect of moisture is greater on finer 
sand grades. The plotted points are so situated to 
justify a conviction that this effect is of some order 
which could be expressed by formula upon the ac- 
cumulation of data through more extensive experi- 
mentation. 

The effect of moisture content on rammed bulk 
density is shown in Fig. 7. In the rammed specimen, 
the minimum bulk density was reached at lower mois- 
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Fig. 8—Effect of grain size on minimum bulk density of 
rammed silica sand. 
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ture contents than in the unrammed samples. The 
minimum bulk density appears at more well defined 
points in the rammed condition, and the curve ap- 
pears to be linear on both sides of this point. It is, 
however, doubtful that the curves are linear. Mathe- 
matical analysis would probably show these curves to 
be about the same as the unrammed curves, since the 
bulk density must approach a maximum. 

Figure 8 shows the rammed minimum bulk density 
corresponding to the grain size. This curve indicates 
that the minimum bulk density approaches a constant 
as the grain size decreases. 

Green Compressive Strength — Referring to the 
proposed theoretical discussion on the function of 
water in green strength, and observing experimental 
results, illustrated in Fig. 9, it is apparent that these 
results bear out the theory. Strength increases as the 
moisture content increases, and then it begins to level 
off, approaching a constant maximum. Figure 10 
shows the relationship between grain size and green 
compressive strength. Compressive strength increases 
as the grain size decreases, as would be expected ac- 
cording to theoretical considerations. 

Hardness — As anticipated in the proposed theory, 
hardness should increase and approach a maximum 
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as moisture content increases, also the hardness should 
be greater for smaller grain sizes. Figures 11 and 12 
show that this is exactly the case. The results of the 
hardness tests, like the other tests, substantiate the 
friction theory of water bonding. 
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in conclusion, it may be said the experimental re- 
sults substantiate the proposed theory concerning the 
effect of moisture on bulk density, hardness and green 
compressive strength of silica sand, 

Of course, the small amount of data here gives a 
small part of the overall picture of molding and core 
sands in the foundry industry. As stated before, it is 
the authors’ conviction, that molding materials should 
be broken down into their component parts and each 
component analyzed versus all the others. More work 
should be done to complete the analysis on sand and 
water. As was stated by Marek and Wimmert®, water 
is an essential material in core sand mixture and 
from all indications will continue to be so. The sooner 
we fully understand all the materials and methods 
we are using, and explain their actions according to 
some logical theory of science, the more able we will 
be to control the variables in our processes. 

It is predicted that if work similar to this nature is 
carried out on the various components of foundry 
sands, and if the work is done on a scientifically sound 
basis, it is quite possible to produce sands scientifical- 
ly designed to fit specific casting jobs. If this comes 
about we will see higher quality castings produced 
with greater efficiency, less waste and lower cost than 
is possible with present day materials. 
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DISCUSSION 


Chairman: C. C. SiGerFoos, Michigan State College, East 
Lansing, Mich. 

Co-Chairman: WD. C. WitttaMs, Ohio State University, Colum- 
bus, Ohio. 

Secretary: D. S. EpprtsHEIMeR, Missouri School of Mines, 
Rolla, Mo. 

V. E. Zane and G. J. Grotrr (Written Discussion):' The au- 
thors are to be commended on the selection of their subject. 
rhe effect of moisture on silica sand and the packing of small 
particles are interesting and provocative points not always ap 
preciated by the foundryman. 

The discussors agree fully with the need for separation ot 
components and the analysis of variables. It was for this reason 
that the actual degree of packing of the sand grains was calcu- 
lated from the authors’ data in Tables | through 4 according 
to the weight of the sand alone. Wet density is of some interest 
in itself, but wet density values usually lead to erroneous con- 
clusions regarding the closeness of packing of the sand grains. 
Without calculations it is difficult to tell how much of density 
is due to sand and how much to water. 

A replot (Fig. A) of Fig. 5 and 7 for density based on the 
weight of sand alone shows no sharp minimum in either “gravity 


1. Unitcast Corporation, Tolede, Ohio 


EFFECT OF MOISTURE CONTENT ON SILICA SAND 


a 














| 
. .s «. Oe 


















O ° -28+35 MESH 
--65+100 ” 
oO - -I50+200 uw 
°° -200+270 u 
>> 
bE 
n> 
Ygl2 
uy a 
OO 
1.O 
08|— : 
| | | | | | | 
2 4 6 8 10 12 
MOIS TURE — PER CENT 
Figure A 
Y 1.8i— 
O 
N RY 
© .6j— 
> RAMME 
to 
Do 14|— 
a 
LJ 
O }.2]}— 
> GRAVITY 
a 
s .Or— 
2 
= as|/— 
| | | | | = 








35 48 65 100 [50 200 20 


SCREEN MESH 
Figure B 


fall” or rammed samples. These replots are on a scale different 
from the authors so Table A is included for convenience in 
data comparison. Closeness of packing changed but little at 
moisture contents above 2 per cent. 

\ plot (Fig. B) cf Fig. 6 (corrected data) and 8 with the dry 
“gravity fall” density included shows that, while moisture 
affects small grains more in the gravity tests, the reverse is 
true with rammed specimens. The 270-mesh material comes 
near attaining the closeness of packing reached in the dry 
gravity tests. 

Thus the third stage (C) of packing depicted in Fig. 3 was 
never reached in the experiments cited despite the use of 
rather high moisture levels. In fact, such close packing of 
wet sand does not occur until sufficient water is present to fill 
the voids and then the packing is in effect gravity in water 
rather than in air. This would occur in a mixture of about 42 
per cent moisture for the —28 plus 35 mesh sand used in these 
experiments, 
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Paste A—DatTA From Fic. 5 AND 7 WITH 
CALCULATIONS BASED ON SAND ONLY. 





Mini- Increase, 
Screen Mesh Basis Dry mum 12% H.0 % of Min. 
2 oo a Wet 1.70 1.42 1.53* 7.8* 
Sand Only _ 1.70 1.39 1.44* 3.6* 
—65, 100 Wet 156 0.98 1.18 20.4 
Sand Only 156 0.94 1.04 10.6 
—150 200 Wet 1.47 0.89 1.07 20.2 
Sand Only 1.47 0.86 0.94 9.3 
—200 270 Wet 1.44 0.86 0.98 14.0 
Sand Only 1.44 0.82 0.86 4.9 
Density, 
Rammed Grams/c.c. 
—28 35 mesh Wet 1.60 1.72* 7.5°* 
Sand Only 57 1.62* $.2° 
—65 100 mesh Wet 1.49 1.72 15.4 
Sand Only 1.46 151 3.7 
—160 200 mesh Wet 1.45 1.68 13.7 
Sand Only 1.48 1.48 3.5 
—200 270 mesh Wet 1.45 1.64 11.6 
Sand Only 1.48 1.44 2.8 


"6 % H20 





These writers have attacked the problem of collecting data 
somewhat differently. A _ fine-grained lake sand (AFS No. 
approx. 125) was used at several moisture levels but tests were 
made at a number of density levels at each moisture content. 
Different degrees of ramming were used to attain standard 2 
x 2-in. specimens with the height being correct to + 0.005 in. 
Sand was kept in a covered container and moisiure contes:s 
were measured at least twice during the run. Specimen weights 
were correct within + 0.2 gram. Ramming energies varying 
from less than the weight. of the rammer head to 16-20 rams 
were used at each moisture level. Green hardness and green 
compressive strength tests were made on separate samples. 
Only the strength tests are reported here as the hardness 
paralled the strength. 

In the belief that closeness of packing had a decided effect 
on the phys:cal properties of sand-water mixtures, data were 
first plotted as strength versus density for each moisture level. 
Only densities based on the sand alone were used. 
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Figure C 


This plot, Fig. C, shows that for a given density level 
Strength increases with moisture content up to a point. How- 
ever, strength at a given moisture level increases with density 
even up to 16-20 rams; far beyond the usual effort expended 
in ramming molds. 

The exparation of the variables, moisture and closeness of 
packing, allows some mathematical analysis. The curves in 
Fig. C as replotted on a log-log basis in Fig. D make it fairly 
easy to derive the equations for the curves. In the rush to 
allow the authors time to study this discussion some liberties 
were taken. Strength was multiplied by ten to avoid negative 
logarithms. The curves were drawn to a best fit by sight and 


LOG [STRENGTH x10} 
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data points were left out so that all curves might be distinguish- 
able in a single drawing. The curves are of the type: 

log Y = a + b logX 

or Y = (10°) (X°*) 

New compare this with the most widely accepted theory on 
the bonding of clays or sands in the presence of water: the 
“micelle theory” cited by the authors in their reference 1. This 
theory has been too widely studied by many competent people 
to be dismissed lightly. 

It is based on the forces of attraction or repulsion: 


qq 
F = - 
F = net attraction or repulsion force 
k = a proportionality constant 
q = net charge on one micelle 
q' = net charge on other micelle 
d = distance between micelles 
This may be rewritten as 
F = (K qq’) (d*) 
or 
log F = log (K q q') —2 log d 
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If we let 


Strength — F 

a = log (K q q') 
and 

b log X = —2 log d 


this is the equation we have found in the data as cited above 

\s more water becomes available to orient on the bonding 
sites of the sand grains the charge product, q gq,’ should 
increase. 

It may be seen that the intercept “a” in the first equation 
changes with changing moisture up to a content that may 
well be the point where sufficient water is present to saturate 
the bounding sites on the sand. 

Naturally, if the micelle theory is correct, the charges should 
change as the ionization of the water changes. The dashed 
lines in Fig. D are for solutions of approximately 34 per cent 
sodium carbonate. It may be seen that the slopes and inter- 
cepts of these curves do differ materially from curves of closely 
corresponding distilled water contents. 

The strength data does fit this theory. Data on molding sand 
mixtures carefully collected over several years show the same 
close fit and will be presented in the near future. 


However, corroborative evidence independently collected 1s 


EFFECT OF MOISTURE CONTENT ON SILICA SAND 


always welcome and some may be found in the paper unde: 
discussion. 

\ log - log plot of the data in the authors’ Tabies 2 and 
4 is given in Fig. E. The low strength points are for low 
moisture levels. This too shows that strength increases with 
moisture content to a given moisture level and then depends 
primarily on density. Analysis of other data in the TRANsaAc- 
rions yields similar results not only for strength but fo: 
deformation as well. 

This does not conclusively prove the “micelle” theory not 
does it totally disprove the proposed theory. Serious doubts 
exist in the discussors’ minds as to whether the authors have 
paid full attention to the nature of friction as being a charge 
attraction phenomenom. Thus, less difference may actually 
exist than appears on the surface. The “friction” and the 
“micelle” theories may prove to be one and the same in a 
final analysis. 

Again, the authors are to be commended on their selection 
of a subject and the systematic collection of data. Variance of 
opinion may arise as to theory, but so long as the data is 
accurate the cause and effect relationship may be put to profit- 
able use in practice. 

The discussors wish to thank J. C. Grott, School of Com- 
merce, University of Illinois, for his assistance in the collection 
of data. 
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PRESSURE MOLDING WITH STANDARD 


By 


SYNTHETIC SAND 


T. E. Barlow* and W. R. Adams* 


ABSTRACT 


This paper summarized preliminary work to determine to 
what extent regular synthetic sands might be adaptable to “pre- 
cision” high pressure molding. Side wall friction effects tended 
to rule out all except the most flowable sands. The difference 
in properties between tests made on a 3-ram specimen and a 
100-psi squeezed specimen seemed to indicate both flowability 
and side wall friction importance. Both commercial and 
laboratory work indicate that “precision” may be obtained by 
1) improving sand flowability, 2) increasing molding squeeze 
pressures or, 3) special molding equipment such as diaphragm 
or contour molding. The degree of precision depends upon the 
pattern equipment and the degree to which the three variables 
are utilized—alone or in combination. 

The existing commercial practice is based upon special high 
flowability sands molded at elevated pressures on 1) hydraulic 
presses, 2) oversize molding machines, and 3) diaphragm 
squeeze machines. On the above basis, the commercial possibil- 
ity of chemical-treated sands should be explored, 
particularly on diaphragm squeeze equipment. The diaphragm 
equipment reduces side wall friction effects to the extent that 
the high flowability of some standard sands may be sufficient to 
provide enough precision to meet many commercial require- 
ments. For example, in brake drum castings, the principal re- 
quirement for precision is to facilitate proper balancing of 
the drum. This degree of precision may be readily available 
by a simple modification of sand practice combined with high 
pressure diaphragm squeeze. 

The laboratory work will be aimed at more accurate analysis 
of special high pressure molding sands plus modifications of 
such sands to meet the requirements of extreme precision. Of 
particular importance will be the study of high pressure sands 
molded with 100-psi diaphragm squeeze. 


cellulose 


Pressure, as related to molding of green sand, is 
certainly not a new concept. Squeeze pressures up to 
1000 psi have been studied and reported. Sc~eeze 
pressures up to 160 psi are known to be in everyday 
use. However, the relationship between pressures, 
sand properties, and tolerances of casting dimension 
have not been studied thoroughly and reported. Such 
a study seems desirable because of the interest in 
possible “precision” casting as a result of high mold- 
ing pressure. The purpose of this paper is to pre- 
sent, 1) the philosophy or theory of high pressure 
molding, 2) some actual service and commercial re- 
sults, and, 3) preliminary studies of ordinary mold- 





* Eastern Clay Products Dept. of International Minerals & 
Chemical Corp., Chicago. 
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ing materials at elevated squeeze pressures. 

The report is preliminary in the truest sense, but 
it is hoped that it will serve as a foundation for re- 
porting future work and progress as our research 
and development program continues. It is important 
to emphasize that commercial applications of the 
process are developing and enlarging simultaneously 
with the research work. Both are needed to bring 
the high pressure molding conception to the same 
level of “know-how” as now exists for more com- 
monly accepted molding techniques. 


Basic Concept of Pressure Molding 


The basic conception of high pressure molding is 
so simple as to be almost axiomatic. If increasing 
pressure is exerted on a flowable sand, the sand grains 
will be pushed closer and closer together until a 
semi-rigid mold is developed. Such a mold will re- 
produce pattern dimensions to within close tolerances 
and thereby provide “precision” castings. The limit- 
ing factors must be the compressibility or flowability 
of the sand, and the pressures required to accomplish 
the desired results, The authors found that precision 
results are entirely possible and practical if both the 
sand properties and the equipment are considered in 
their proper relationship to each other. 

First, let us examine the purposes of attempting 
to develop a green sand method of producing close 
casting tolerance. It is necessary to recognize the in- 
herent advantages of green sand molding before we 
can know how to approach the problem of how to 
utilize the properties we want. If this is not done, 
there is a danger of losing some essential property 
in the process of developing modifications of the 
practice. 

One outstanding advantage of green sand molding 
is the ability to eliminate parting line problems 
such as flash or fins. The deformation properties of 
green sand (even when compacted to semi-rigid 
molds) permit calculated crushes at the parting line 
to prevent fins and a subsequent loss of dimensional 
control at that point. Rigid, prebaked or hardened 
molds have inherent joining probiems which permit 
fins and restrict accuracy to about 0.030 in. across 
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Fig. 1—Photo of gray iron and brass castings molded at 
pressures 50 to 600 psi. 


the parting line. High pressure green sand molds 
do not suffer from this restriction. 

Because no baking is required, green sand molds 
may be made of any desired thickness. Thick or 
heavy molds eliminate two problems which are in- 
herent to thin, baked precision molds. Green-sand 
molds resist warpage or distortion of the mold and 
of the casting. As a result, high pressure green-sand 
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TABLE | 





Sand Retained on Each Screen, % 
40% Michigan 





City 
Michigan 30% Ottawa 
Screen Size City Ottawa Juniata 30% Juniata 
20 0.03 0 0.02 0.02 
30 0.26 0.04 0.02 0.04 
10 4.20 0.08 0.04 1.75 
50 27.78 4.61 0.84 12.60 
70 55.12 35.44 11.79 33.73 
100 12.15 47.70 47.98 35.51 
140 0.33 10.48 24.38 10.98 
200 0.05 1.60 10.81 3.94 
270 0.02 0.10 2.52 0.40 
Pan 0.03 0.10 1.50 0.40 
AFS Grain 
Size No. 49 66 89 66 





molds are not restricted by warpage of “‘flat-backs” 
or “out-of-roundness” of spherical shapes, 

Che essential feature of green sand molding, which 
must not be lost in trying to develop precision cast- 
ing, is low cost or economy of operation. Reason- 
ably expensive bonding materials may be used pro- 
vided the ability to reuse and rebond the sand in a 
normal fashion is not lost. 

The fact that properly prepared sand especially 
developed for high pressure molding is successfully 
producing castings of “precision” tolerances has been 
established and has been reported to the industry. 
Figure 1 shows gray iron and brass castings which 
were molded at pressures ranging from 50 psi to 600 
psi. Toierances range from 0.015 to within 0.002 in. 
Most of the castings shown are produced with squeeze 
pressure of approximately 100 psi. They range in 
dimensional accuracy from 0.005 to 0.010 in. of pat- 
tern size. The variation from casting to casting is 
less than 0.004 in. However, all these castings are 
made in especially developed sand designed to have 
maximum flowability and minimum gas or moisture. 
It is also desirable to study ordimary molding sands 
at this same pressure of 100 psi. The ultra-high pres- 
sures of over 200 psi have not been studied with or- 
dinary molding sands because of the difficulty of re- 


Tasite 2—SANpd Mixtures Usinc 40% Micuican City SAND, 30% OTTAWA SAND, AND 30% JUNIATA SAND 











Properties’ 
Green Dry 
Mix Composition Lab Hard- Compression, Perme- Compression, 
No. —. Ol ae Method Moisture ness? psi ability psi 
1D 8% Fire Clay 5% sea coal 3 rams 4.0 80 75 68 60 
100 psi 4.0 75 5.5 82 44 
2D 4.5%, Southern 4% sea coal 3 rams 3.0 88 12.0 91 98 
bentonite 100 psi 3.0 85 10.0 94 66 
3D 4.5%, Western 5% sea coal 3 rams 3.0 87 10.1 85 134 
bentonite 100 psi 3.0 84 8.7 91 113 
4D 4.59, Western 1.5% treated 3 rams 3.0 89 11.2 75 49 
bentonite cellulcse 100 psi 3.0 87 9.0 76 34 
6C 0.1% Chemical 1.5% Chemical 3 rams 2.5 86 7.9 88 95 
liquid, 2.5% West- solid 100 psi 2.5 82 6.9 95 59 
ern bentonite 1.7 78 7.3 100 
6D 0.1% Chemical 1.5% Chemical 3 rams 1.7 76 6.3 117 42 
liquid, 2.5% West- solid 100 psi 


ern bentonite 
1 Average of 5 tests 


* Average of 10 readings taken on the top and bottom of each of 5 laboratory samples 
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taining the higher water contents of these sands under 
higher pressures. Only the special high pressure sands 
(low or zero moisture) can withstand such high pres- 
sures without breaking down the bonding matrix 
and depositing water on the pattern. 

Table 1 shows the sands used in making up a 
spread grain 66 fineness sand for experimental work. 
This screen was used because such a sand is rela- 
tively easy to use without excessive casting defects. 

Table 2 illustrates the properties which were ob- 
tained when these sands were tested after molding 
with standard three rams and also with 100 psi 
hydraulic squeeze. We were surprised to see that 100 
psi squeeze molding did not develop properties as 
high as the ordinary three ram test. This did not 
check with practice since in commercial operations 
100 psi squeeze has always produced harder, stronger 
molds than ordinary ramming. To confirm this, we 
made castings in the same sand but molded in a 12 x 
16-in. rigid flask. The pattern used was a step-block 
mounted in the drag with a flat cope: The block has 
overall dimensions of 4 in. by 9 in. with a vertical 
side 6 in. long, 4 in. wide and 3% in. thick. 

The molds were identified as follows: 

A. Normal molding; five jolts followed by 60 psi 

squeeze (60 psi of pattern area obtained from 80 

psi line pressure). 

B. Five jolts followed by 100 psi squeeze (9.6 tons 

pressure on 12 x 16-in. flask.) 

C. Squeeze only (100 psi or 9.6 tons). 


TABLE 3—MoLtp HArpNEss! 





Mold Cope Drag 
No. Hardness Hardness 


re Sand Mix 1D 
8% Fire Clay, 4.0% water, 5.0% sea coal 


Method of Molding 





1A 80 70 Normal jolt-squeeze 

1B 85 85 5 jolts + 100-psi squeeze 

IC 85 85 100-psi squeeze 

1D 85 86 100-psi squeeze + vibrations 


Sand Mix 2D 
4.5% oo Bentonite, 3.0% water, 5.0% sea coal 
2A 72 Normal jolt-squeeze 


2B > 83 5 jolts + 100-psi squeeze 
2c 86 87 100-psi squeeze 
2D 84 87 100-psi squeeze + vibration 
Sand Mix 3D 
4.5% ee Bentonite, 3.0% water, 5.0% sea coal 
A 72 Normal jolt- squeeze 
3B % 87 5 jolts + 100-psi squeeze 
3C 86 87 100-psi squeeze 
3D 86 88 100-psi squeeze + vibration 
Sand Mix 4D 
4.5% Western Bentonite, 3.0% water, 1.5% Treated 
Cellulose 
4A 80 74 Normal jolt-squeeze 
4B 85 86 5 jolts + 100-psi squeeze 
4C 85 85 100-psi squeeze 
4D 86 85 100-psi squeeze + vibration 


Sand Mix 6D, Chemical 
1.7% water, 1.5% Chemical solid, 0.1% Chemical 
Liquid, . 5% Western Bentonite 
6A 72 Normal jolt-squeeze 
6B 86 He 5 jolts + 100-psi sqi.eeze 
6C 86 81 100-psi squeeze’ 
6D 86 80 100-psi squeeze + vibration 
*Mold-hardness measurements were taken 3 in. from the flask 
midway between the pin ends. All values are an average of 3 or 
more tests. 
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D. Squeeze at 100 psi while vibrating the pattern 

at 8000 vibrations per minute. 

The mold hardness is shown in Table 3. When we 
compare results in Table 3 with those in Table 2, 
we find: 1) The mold hardness of a fireclay sand is 
higher for the 3-ram laboratory specimen than for 
the commercial mold. However, the commercial 
mold squeezed at 100 psi has hardness of 85 as against 
75 for the laboratory specimen squeezed at the same 
pressure, This can only mean that side wall friction ~ 
in the small laboratory specimen (standard 2-in. 
specimen) reduces density and hardness. 

2) The southern bentonite laboratory sample made 
with 3 rams is much harder than the commercial 
mold made with normal practice, but at 100 psi both 
the laboratory sample and the commercial mold had 
the same hardness. This indicates that the higher 
flowability of southern bentonite tends to reduce the 
side wall friction loss of a small specimen. 

3) The chemical and chemical-treated cellulose 
sands responded in much the same order as did 
southern bentonite while the response of western 
bentonite was between that of fireclay and that of 
southern bentonite. 


Flowability of Sand Is A Factor 


We now have some immediate indications of the 
limitations and possibilities of squeeze pressures. As 
the mold wall friction factor increases, the necessity 
for flowability increases. In other words, in simple 
cases in which there is little restriction on the flow 
of sand (as in the case of large copes with flat-back 
patterns) the flowability of sand has only a minor 
effect on mold density and hardness. Where the flow 
is restricted as in pockets or between the pattern and 
the flask, the flowability of the sand becomes of 
great importance. Furthermore, a simple laboratory 
test may not indicate which sand to use because the 
relationship between results in the laboratory and in 
a commercial mold may depend upon the same flow- 
ability factor. 

On the basis of the above, the authors feel that a 
preliminary test for this type of study is to note the 
difference in hardness between a 3-ram specimen and 
a 100-psi squeeze specimen. As these two values ap- 
proach each other, we have an indication that im- 
proved fiowability is reducing the effect of side wall 
friction. In practice; the 100-psi squeeze always pro- 
duces a higher mold hardness than a jolt, low-pres- 
sure squeeze, so perhaps we can assume that perfect 
flowability would be indicated if the hardness of the 
100-psi laboratory specimen exceeded the hardness of 
the 3-ram specimen. 


100-Psi Squeeze Pressures Used 


As has been pointed out above, commercial cast- 
ings are being produced at 100-psi squeeze pressures 
using special high pressure sands to develop close 
tolerances. The work reported here was not designed 
to confirm this but rather to determine whether or- 
dinary molding sands would react to pressure in the 
same way. The test block molds described above 
were photographed and shown in Figs. 2, 3, 4, 5, 6, 
7, 8, 9, 10 and 11. -As indicated in these photographs, 
changes in the method of molding made no noticeable 
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Fig. 2—Casting 1A, fireclay-bonded sand, normal molding. Fig. 3—Casting 1C, fireclay-bonded sand, squeezed at 100 
Casting 1B, jolted and squeezed at 100 psi. psi. Casting 1D, squeezed at 100 psi while vibrating. 





Fig. 4—Casting 2A, southerr: bentonite sand, normal Fig. 5—Casting 2C, southern bentonite sand, squeezed at 
molding. Casting 2B, jolted and squeezed at 100 psi. 100 psi. Casting 2D, squeezed at 100 psi while vibrating. 





Fg. 6—Casting 3A, western bentonite sand, normal mold- Fig. 7—Casting 3C, western bentonite sand, squeezed at 
ing. Casting 3B, jolted and squeezed at 100 psi. 100 psi. Casting 3D, squeezed at 100 psi while vibrating. 
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Fig. 8—Casting 4A, treated cellulose sand, normal mold- Fig. 9—Casting 4C, treated cellulose sand, squeezed at 
ing. Casting 4B, jolted and squeezed at 100 psi. 100 psi. Casting 4D, squeezed at 100 psi while vibrating. 





Fig. 10—Casting 5A, chemically-treated cellulose sand, Fig. 11—Casting 5C, chemically-treated cellulose sand, 
normal molding. Casting 5B, jolted and squeezed at squeezed at 100 psi. Casting 5D, squeezed at 100 psi 
100 pst: while vibrating. 





Fig. 12—Casting 6A, chemically-treated sand, normal Fig. 13—Casting 6C, chemically-treated sand, squeezed at 
molding. Casting 6B, jolted and squeezed at 100 psi. 100 psi. Casting 6D, squeezed at 100 psi while vibrating. 
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change in the appearance of castings poured in typi- 
cal fire-clay, southern bentonite or western bentonite 
sands. There was no apparent increase or decrease in 
the minor defects such as veins, fins and penetration. 
In chemically-bonded sands and chemically-treated 
cellulose sands, there was some improvement when 
changing from jolt-squeeze to 100-psi squeeze pres- 
sure molding but the differences were minor. It is 
interesting to note that these two sands made cast- 
ings free from defects, probably because of the higher 
flowability and lower expansion characteristics. 

In no case was there any marked indication that 
the simpie change from jolt squeeze to high pressure 
squeeze made a major change in casting appearance 
or dimensional stability. The casting produced from 
chemically-treated cellulose sand with 100-psi squeeze 
pressure did present the smoothest finish and the 
closest duplication of pattern dimensions. This sand 
should be studied further as a possible high pressure 
molding sand. 


Effects of High Flowability Sand 


This laboratory work gives us a logical explanation 
for the known effects of high flowability sand. Their 
logical use is not so much for simple shapes where 
flask sides do not interfere with the flow of sand 
around the pattern. Rather, they are needed where 
side wall friction becomes important. The obvious 
instances arise when the pattern is unusually close 
to the flask or where flask bars or difficult draws in 
the pattern restrict normal flow. In other words, in- 
creasing the flowability of sand will have its most 
important effect in increasing uniformity of mold 
hardness rather than increasing the general hard- 
ness of the mold, As such, these sands are not cap- 
able of developing “precision” casting of compli- 
cated shapes unless, 1) the flowability of the sand is 
radically improved, 2) the side wall friction factor 
is removed by contour squeezing (diaphragm mold- 
ing), or, 3) the molding pressures are increased suf- 
ficiently to overcome the first two factors. Experience 
indicates that the last is impractical because the pres- 
sures required are such as to squeeze the water out of 
these ordinary molding sands and cause stickdowns. 

As reported in the previous literature, waterless 
sands have been developed for extreme flowability 
and which will operate under pressures of over 600 
psi without breakdown. These sands have been modi- 
fied by the addition of small amounts of water and 
bentonite to be of maximum utility at pressures from 
100 psi to 200 psi of pattern pressure. It is this sand 
which was used to produce castings in Fig. 1. Fig- 
ures 12 and 13 illustrate the test block made with 
the high pressure sand. This casting shows much 
smoother surface on vertical and end walls illustrat- 
ing the effect of increased flowability when molded 
under either conventional or high pressure condi- 
tions. 
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The approach to precision requires three improve- 
ments in ordinary green sand practice, 1) higher 
flowability sand with minimum expansion and mini- 
mum moisture, 2) higher squeeze pressures and, 3) 
reduction of side wall friction. The first commer- 
cial castings were produced by combining Steps | 
and 2. The next logical step is to incorporate Step 
3. This is being done by the introduction of com- 
mercial high-pressure diaphragm molding machines. 
These machines are designed to “tuck’’ and squeeze 
the sand under high pressures. The diaphragm ex- 
erts equal pressure in all directions. In addition, it 
moves down into the pockets so as to squeeze around 
bars, into difficult draws and between pattern and 
flask. 

By combining all these effects, precision castings 
can be produced to almost any desired degree of ac- 
curacy. The exact degree depends upon the extent 
to which the factors are utilized and the pattern 
equipment available. 

Making any one change will improve casting fin- 
ish and increase reproducibility of casting weight 
and size. For example, changing just the sand on a 
regular commercial unit produced a casting which 
varied between 20 and 2014 lb in weight as com- 
pared to a normal range from 23 to 26 Ib for the 
same casting made in natural sand. 

Changing any two of the factors can produce cast- 
ings with tolerances ranging from 0.002 to 0.015 in. 
depending upon the pattern. For example, the cast- 
ings in Fig. 1 were made by changing the sand and 
the pressure. 

No mention was made of the use of sands of excep- 
tional fineness. In commercial practice, sand fineness 
must be considered but treated with caution. A simple 
increase in sand fineness is not an automatic assur- 
ance of closer dimensional tolerances or even cast- 
ing finish unless there are other factors in balance. 
Sand fineness has a direct and an indirect effect. 
Directly, sand fineness should improve finish. How- 
ever, increasing sand fineness may reduce flowabil- 
ity to the extent that finish is actually impaired. 
Provided flowability is not lost, fine sand is desir- 
able in that finish can be obtained at lower molding 
pressures. However, it is interesting to note that in- 
creasing molding pressures can progressively offset the 
necessity for fine sand. As a result, the choice be- 
tween higher pressure and finer sand for maximum 
finish and precision *s purely a matter of the im- 
mediate economy. 
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GATING AND RISERING OF 
MAGNESIUM ALLOYS 


By 


H. E. Elliott* 


@ The most important usage of magnesium alloy 
sand castings has been in the aircraft industry. Here 
designers have sought to achieve maximum strength 
combined with minimum weight; hence, highest 
quality levels have been a necessity in the great 
majority of the applications. The following discussion 
of the gating and risering of magnesium alloy castings 
is intended to be of interest primarily to the foundry- 
man who is required to produce castings containing 
the fewest possible casting defects. Scant attention will 
be given to the short-cuts which are possible where 
quality can be compromised. This paper will deal 
chiefly with casting defects that have their origin in 
faulty gating and risering practice, and the principles 
that can be applied to avoid them. 


Filling the Mold With Molten Magnesium 


The casting process can be divided for purposes 
of study into two stages: Mold-filling stage and solidifi- 
cation stage. Certain common casting defects have 
their origin in the mold-filling stage. These include 
(1) misruns and cold-shuts, and (2) non-metallic in- 
clusions, such as entrapped dross, air bubbles, and 
seams. Another large class of common casting defects 
have their origin in the solidification stage. These may 
be termed the shrinkage defects, and include (1) visual 
shrinkage defects, such as shrinks and draws, (2) 
microporosity, (3) cracking, and (4) warpage. 

Avoidance of defects that occur in the mold-filling 
stage of the casting process lies largely in the practices 
employed in the gating or running of the casting. 
Avoidance of defects that occur in the solidification 
stage lies in the risering or feeding of the casting. 
It is convenient to discuss these two phases of the 
casting problem separately. 

Gating. Inasmuch as the first requisite to the produc- 
tion of a sound casting is the complete filling of the 
mold with clean, inclusion-free liquid metal, the mold- 
filling stage of the casting operation may logically be 
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discussed first. Normally, the filling of a mold involves 
the transfer of a body of clean liquid metal from a 
container positioned above the mold to a position of 
rest within the mold cavity. 

The fundamental problems are (a) to achieve com- 
plete filling of the casting cavity before the metal has 
frozen, and (b) to retain the cleanliness and freedom- 
from-inclusions of the metal in the process of trans- 
ferring it. These problems are more difficult with 
magnesium alloys than they are with many other 
alloys because of the low heat content of liquid mag- 
nesium, because of its low specific gravity, and because 
of its high chemical reactivity. At first, consider the 
problems associated with the preservation of the clean- 
liness of the liquid metal in its transfer from the 
pouring crucible to its final position of rest within 
the casting cavity. 

Gating Turbulence. Anyone who has worked with 
molten magnesium has observed the rapid oxidation 
that occurs when a fresh liquid surface is exposed to 
the atmosphere. In the transfer of liquid metal from 
a compact body above a mold to the final position of 
rest within the mold, it is inevitable that a great deal 
of fresh liquid surface will be exposed to reaction 
with surrounding atmospheres. A condition giving rise 
to turbulence anywhere in the gating system, resulting 
in the churning up of mold gases with liquid metal, 
can readily be seen to result in a maximum exposure 
of new liquid metal surfaces for reaction. 


Protective Atmosphere 


Molding sands for magnesium alloys contain in- 
hibitors that generate a protective atmosphere within 
the mold. It is necessary to understand, however, that 
these protective vapors do not operate by preventing 
reaction between metal and mold atmosphere. They 
operate by the formation of protective films. When 
a protective film forms on a freshly exposed liquid 
metal surface, it protects the metal beneath from 
further reaction. If, however, this protective film is 
promptly stirred into the body of the liquid metal, 
exposing fresh surfaces for reaction, as is the case where 
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flow-turbulence is involved, severe drossing of the 
metal will occur. 

Turbulent flow of a reactive metal is bound to 
produce a mixture of the liquid metal with films or 
skins of the product of the reaction between the metal 
and the mold gases; there may also be a quantity ol 
unreacted mold gases associated with this mixture. 
The result is the generation of a foam of dross which 
tends to be carried along with the stream of metal 
in much the same way that a foam of suds is generated 
by turbulent motion of soapy water. 

Characteristics of Dross. The mixture of metal and 
skins and unreacted gases which forms as a result of 
gating turbulence is light; it tends to rise and float 
on the surface of the metal stream when it comes to 
a state of rest or quiet flow. Examination of the runner 
of almost any magnesium alloy casting will reveal 
evidence of this foamy dross on the cope surface of 
the runner, close to the base of the sprue. It is noted 
that farther and farther from the sprue-base, less and 
less of this dross is detectable, and far enough away, 
a fracture of the runner will indicate complete clean- 
liness. 

This dross is light; it floats easily on liquid mag- 
nesium; it lodges readily against the cope surface of 
the runner, allowing clean, skimmed-off metal to flow 
beneath. An understanding of this behavior of dross 
provides valuable tools for controlling it and prevent- 
ing it from entering the casting cavity. The first task 
in gating a magnesium alloy casting is to visualize the 
conditions in the filling of the mold that may give rise 
to the formation of dross; and then to devise means of 
suppressing its formation or preventing it, once formed, 
from entering the casting. 

The importance of the problem of gating turbulence 
has received recognition, and a good deal of ex- 
perimental work has been devoted to achieving a 
better understanding of how to avoid defects arising 
from this source. The work of Mezoff and Elliott! dem- 
onstrated that mold gases can be aspirated into the 
stream of metal flowing through sprues of certain 
designs. An AFS-sponsored research project conducted 
at Battelle Memorial Institute demonstrated a variety 
of gating conditions that could lead to entrainment 
of mold gases, and explored methods of avoiding these 
conditions.?, 3, 4 

Prevention of Dross Inclusions. There are two basic 
approaches to the prevention of dross inclusions in 
the casting: (a) Complete suppression of dross forma- 
tion, as by totally avoiding turbulence of flow in the 
transfer from pouring crucible to casting cavity; (b) 
The separation of dross from the stream of metal prior 
to its entry into the casting cavity. 

Present gating practice for casting magnesium alloys 
is based primarily on approach b. The problems asso- 
ciated with completely avoiding gating turbulence, 
at the relatively high flow rate$ required in the fill- 
ing of commercial castings, have not been solved. A 
number of interesting principles/have been established 
showing how to alleviate design conditions that pro- 
mote entrainment of mold gases in the metal stream. 
No general solution has been presented, however, by 
which the foundryman can design a complete, inte- 
grated sprue-runner-gate system of general applica- 
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Fig. 1—Common magnesium alloy gating practice with 
vertical screen at base of sprue to hold back dross. 


bility. Such a system would succeed at any desired 
pouring rate in completely avoiding air entrainment 
throughout the pour, while delivering the desired 
volume flow of metal at the desired locations into 
the casting cavity. 

It is conceivable that further research will provide a 
general solution to this problem. It is likely that any 
general solution arrived at would be quite complex, 
due to the many complicating factors that are intro- 
duced by specific design characteristics of the parti- 
cular part. 

If a practical general solution to the problem of 
completely avoiding gating turbulence were made 
available, it is not at all certain that it would be the 
most economical approach to elimination of dross in- 
clusions in the casting. Such a solution, to gain accept- 
ance, would have to be competitive with the second 
approach to the avoidance of inclusions—the separa- 
tion of entrained dross from the metal stream prior 
to the entry of the metal into the casting cavity. 

Commercial Practice for Avoiding Dross Inclusions. 
Up to the present time, gating practice for magne- 
sium has been based largely on this latter approach. 
In using this approach, it is assumed that a certain 
amount of turbulence in the first part of the gating 
system can be tolerated. The fact is accepted that 
this turbulence will generate a certain amount of 
dross, which must be separated from the metal stream 
before the metal enters the casting. In using this ap- 
proach, it is of paramount importance to recognize 
that turbulence must be confined to the first part of 
the gating system, and that in no case can turbulence 
be tolerated within the casting cavity itself. Recog- 
nition of this necessity leads to two principles which 
may be regarded as the starting point of a sound 
gating system: 

1. The metal cannot be allowed to cascade from 
one level in the casting cavity to a lower level; this 
means that the metal must enter the casting cavity at 
its lowest level, and that the cavity must be caused 
to fill progressively from the bottom upward. 

2. The metal must not be allowed to spurt or squirt 
into the casting cavity through restricted gates. Ex- 
cessive linear velocity of the metal at the ingates leads 
to turbulence at this point, and results in the forma- 
tion of inclusions which are entrapped in the casting. 
There must be a smooth, quiet flow of metal through 
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Fig. 2—Cylindrical screen provides larger total area for 
metal passeee, giving non-turbulent flow. 


each ingate. Therefore, if a rapid filling of the cast- 
ing is desired, there must be ample total ingate area to 
ensure that excessive linear velocities are not produced 
at any individual ingate. 

A good way (and a very common way) of achieving 
this condition is to control the filling rate of the 
casting near the beginning of the gating system. Usu- 
ally, the sprue is made the controlling member, or 
choke, in the gating system. Subsequent channels of 
the runner system are made of ample cross-sectional 
area to carry off freely all the metal that the sprue 
will deliver. 

Full Drop in Sprue 

The full vertical drop of the metal to bring it to 
its lowest position in the mold occurs in the sprue. 
Thereafter, the metal flows horizontally or upward 
only. From the base of the sprue onward it is essen- 
tial to avoid in every way excessive linear velocities 
of the metal stream. In the author’s experience, a 
good rule to follow is: Make the total cross-section 
of the channels leading from the base of the sprue 
about double the sprue cross-section; make the total 
ingate area into the casting cavity also at least double 
the sprue cross-sectional area. Adherence to this prac- 
tice seems to effectively avoid formation of dross in 
the horizontal runner and at the ingates. 

This practice narrows the drossing problem down to 
one of effectively separating from the metal stream 
the dross that has been formed in the pouring cup, in 
the down-sprue, and at the sprue-base, thereby de- 
livering clean metal to the latter portions of the 
runner system. Practical and effective ways of doing 
this are available. The methods used vary from 
foundry to foundry. The techniques found most ef- 
fective at the author's foundry will be discussed. 
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Separation of Dross from the Metal Stream. To 
separate from the metal stream the foamy dross which 
has formed in the sprue and at the sprue-base, reli- 
ance is placed on two principles: (1) Employment 
of strainers or filters, usually at the base of the sprue; 
and (2) Taking maximum advantage of the relative 
lightness of the dross, and of its tendency to float on 
liquid magnesium alloys, and of its capacity to be 
skimmed off of the upper surface of a level, quietly- 
flowing stream of metal. 

Figure | illustrates a very common practice. A 
reservoir containing a vertical screen is located at 
the base of the sprue. (Screen material consists of 
perforated, tin-plated, steel sheet. Most commonly 
used type is made of 0.010-in. material. Diameter of 
each perforation is 0.050 in., total percentage of void 
area is about 28 per cent. Terne-plated material may 
also be used. Diameter of the perforations and their 
spacing may also be varied.) The metal from the sprue 
is introduced inside the screen and must pass through 
it before entering the horizontal runner leading to 
the casting ingates. The screen serves a dual purpose. 
First, it serves to filter out dross that has formed in 
the sprue; second, it serves to moderate the high 
linear velocity that the metal has acquired in its fall 
down the sprue, promoting quieter flow of metal in 
the horizontal runner after it leaves the sprue base. 

The first metal to enter the screen reservoir is 
likely to be sprayed out through the holes of the 
screen, with the exposure of a large amount of fresh 
liquid-metal surface for reaction with mold gases. 
To limit the duration of this shower-spray effect, it 
is desirable to fill the screen reservoir as quickly as 
possible. As soon as the screen reservoir is filled with 
metal inside and outside the screen, the screen be- 
comes an effective filter, and a spraying effect whereby 
many small streams of metal are exposed to mold 
gases no longer prevails. 

To ensure that the screen reservoir will fill as 
rapidly as possible and then stay full throughout 
the pour, it is desirable to place it at a level in the 
mold below the subsequent channels and cavities 
into which the metal flows. If the screen reservoir 
is the lowest cavity in the mold, it will naturally fill 
completely before metal is available to any other cavi- 
ties. Once the screen reservoir is fuil both inside 
and outside the screen, a quiet seepage of the metal 
through the screen and thence into the horizontal 
runner is realized. 


Sprayed Streams 

However, the very first metal passing through the 
screen does not flow through under such ideal condi- 
tions. As above noted, it is likely to be sprayed through 
the screen in the form of many tiny streams, affording 
much opportunity for formation of dross. Provision 
must be made to prevent any dross so formed from 
entering the casting. 

Such provisions are based on the relative lightness 
of this dross, and its strong tendency to be floated 
to the upper surface of a still pool or of a quietly- 
flowing stream of magnesium alloy. Advantage can 
be taken of this property of the dross in the place- 
ment and positioning of the horizontal runner and 
ingates. Whenever possible, the horizontal runner 
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leading from the screen reservoir is placed lower in 
the mold than the casting cavity. (In practice, this 
usually means that the runner is molded in the drag 
and the casting in the cope or cheek.) This practice 
results in the complete filling of the horizontal runner 
before any metal begins to enter the casting cavity. 

Measures taken to promote quiet flow in the run- 
ner have already been discussed. Any dross that may 
have formed when the first-poured metal sprayed 
through the yet-unsealed screen is now floated to the 
cope surface of this completely-filled runner. It is 
found that the dross lodges against this cope surface, 
allowing clean, skimmed-off metal to flow beneath. 
It is desirable to avoid placing the first ingates into 
the casting too close to the screen reservoir. This 
allows time and distance for the flotation-skimming 
action to become completely effective. If extremely 
high pouring rates are employed on a particular cast- 
ing, resulting in high linear velocity of the metal in 
the runner, a correspondingly longer distance must 
be allowed between the screen reservoir and the first 
ingates into the casting. 

Various foundries have arrived at different solutions 
to the problem of keeping dross out of the casting. 
In one foundry, it is the practice to place the hori- 
zontal runner partly in the cope and partly in the 
drag, with the ingates leaving the runner at the part- 
ing line. Another foundry molds the horizontal run- 
ner entirely in the cope, with the ingates drawing 
metal from the bottom of the runner. Some foundries 
are reported to avoid the use of screens in the running 
system; these foundries are said to resort to double 
runner systems consisting of two or more concentric 
horizontal runners, with staggered gates leading from 
outside runner to inside runner, and from inside run- 
ner to casting, thus allowing time and distance for 
dross to be floated and skimmed off before the metal 
enters the casting. 

The fact that various solutions are found effective 
is evidence that the drossing problem need not be a 
seriously limiting problem in the casting of magne- 
sium alloys. Though it is an important problem re- 
quiring attention if maximum quality levels are 
desired, it can be solved by intelligent application 
of rather simple principles. Practical solutions are 
in every day use that do not require the complete 
avoidance of all gating turbulence. It is necessary, 
though, that turbulence be confined to the first part 
of the gating system, and that provision be made to 
effectively separate from the metal the dross that 
results from such turbulence. 

Design of Sprues and Runner Cups. Some foundries 
give considerable attention to the exact design de- 
tails of the first part of the gating system, such as 
the runner box and the sprue. In some shops, batteries 
of slot-shaped sprues are used. In other shops, resort 
is made to special runner cup designs incorporating 
baffles and like devices for keeping dross out of the 
sprue. There is no technical objection to these prac- 
tices. The author’s feeling is that the expense of this 
special attention to the first parts of the system can 
be spared, if the design of the later parts of the sys- 
tem is proper. Simple round sprues can be used, 
loose or fixed to the pattern as convenient. Runner 





GATING AND RISERING OF MAGNESIUM ALLOYS 


box design need not be elaborate; it need be dictated 
only by considerations of being able to fill the cup 
promptly without splashing metal over the top and 
down the risers. It is found that, frequently, runner 
boxes may be dispensed with entirely, and the metal 
may be poured directly into an enlargement of the 
sprue in the top of the cope. 

Using the gating principles above described, it has 
been found possible to pour all jobs through a single 
sprue, unless they reach such a size that the capacity 
of a single pouring crucible is insufficient to fill the 
mold. It has never been found necessary to resort 
to a second sprue for the purpose of overcoming a 
problem of drossing the runner system. 

The system described above leaves complete lati- 
tude as to choice of pouring temperatures. Higher 
temperatures tend to increase dross formation, requir- 
ing more rigid adherence to the principles discussed. 
If the metal is poured quite cold, one can often de- 
viate considerably from ideal gating conditions and 
yet get a clean casting. But where high temperatures 
have been required in order to promote running of 
thin sections or to affect thermal conditions in solidi- 
fication, it has never been necessary to sacrifice the 
desired pouring temperature as a concession to the 
drossing: problem. 

Screen Area Design. If the screen reservoir is made 
the lowest cavity in the mold and is filled very early 
in the pour, it is simply a device for delivering fil- 
tered metal quietly to the horizontal runner system. 
As such, it matters little from a technical standpoint 
whether the screen is horizontal or vertical, whether 
it lies in a flat plane or has some other shape. It must, 
however, have ample total area so that it will not 
plug up and choke down the rate of flow at any time 
during the pour. Often, only a limited space is avail- 
able in the mold that can be allotted to the screen 
reservoir, without increasing the flask size. In order 
to get a maximum of screen area in a minimum of 
space, a cylindrical shape has been found advanta- 
geous. The screen reservoir is shaped as a _ vertical 
cylinder centered under the sprue, and the screen 
itself is a concentric vertical cylinder. 

Where a large volume of metal is poured through 
a single screen, the problem of screen plugging is apt 
to be troublesome. A number of devices are helpful in 
solving this problem when it arises. Placement of a 
quantity of coarse steel wool inside the screen provides 
a pre-filtering action that decreases the rate of plug- 
ging-up of the screen. Use of a skim-gate material hav- 
ing a maximum percentage of voids is also helpful. Of 
course, increasing the depth or diameter of the screen 
to increase its total area, where space permits, is of 
value. Lower pouring temperatures decrease drossing 
and thereby decrease the rate at which the screen will 
plug up. A serious case of plugging-up of screens may 
justify resorting to slot sprues and special measures to 
reduce pouring cup turbulence. In an extreme case, it 
might become necessary to resort to pouring the mold 
two-up, though more economical methods are normal- 
ly effective. 

When plugging of screens becomes a serious prob- 
lem, the metal melting practice should be scrutinized. 
Good gating practice can correct poor refining of the 
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Fig. 3—-Flow lines may develop in central part of casting 
gated as in a. To avoid, use b, c, or d. 


metal to a limited extent, but cannot be relied on as a 
substitute for good melting practic. 

The foregoing discussion of screen design and 
screening practice has presumed a limited available 
screen area to handle a large flow of metal, resulting 
in a tendency for the first metal poured to be sprayed 
out through the holes of the screen under a pressure 
head. Sometimes, there is an opportunity to avoid 
this condition by providing an especially large screen 
area in relation to the rate of flow required to pass 
through the screen. If such a large screen area is 
available to handle a relatively small rate of flow, a 
quiet seepage of metal through the perforations in the 
screen can be realized, with no generation of dross 
on the casting side of the screen. Under these circum- 
stances, the screened metal can be allowed to flow 
directly into the casting, with no provision for flota- 
tion and skimming-off of dross between the screen 
and the ingates. 

Figure 2 shows a frequently employed practice that 
makes use of this principle. One or more tubular 
screens are placed in a well or wells having the same 
height as the mold or mold section. Metal is intro- 
duced inside the tubular screen, either at the bottom 
or at the top. If the diameter of the screen is suffi- 
ciently large in relation to the rate of delivery of metal 
to it, non-turbulent seepage of the metal through 
the holes of the screen, without spraying, can be ex- 
pected. Excessive rates of delivery of metal will re- 
sult in spraying, with formation of dross on the 
casting side of the screen. In general, greater rates 
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of flow ‘can be successfully handled when the metal 
is introduced at the bottom rather than at the top. 
This type of gate can be used to advantage to secure 
progressive filling of the casting from bottom to top, 
yet filling top-risers directly from the gating system. 
Its theory will be discussed later. 

Flow Conditions Within the Casting Cavity. The 
foregoing discussion has dealt with casting inclusions 
having their point of origin in the runner system of 
the casting. Another place that non-metallic inclu- 
sions can form during the filling of the mold is within 
the casting cavity itself. It is necessary, but not sufh- 
cient, to insure that clean metal enters the ingates 
of the casting. The casting cavity itself must fill in 
such a way as to preserve the cleanliness of the metal. 


Inclusion-Forming Conditions 


Two gating conditions can result in formation of 
inclusions within the casting cavity. The first is spurt- 
ing of metal through an ingate, which has already 
been discussed. Excessive linear velocity of metal at 
an ingate can produce turbulence at this point, lead- 
ing to the formation and certain entrapment of films 
of reaction-product. The prevention of this condition 
lies in the proportioning of the various members of 
the gating system so that there is ample total ingate 
area to handle the full: volume of metal delivered to 
the ingates without generating excessive velocities. 

The second common gating condition that can 
give rise to the formation of inclusions within the 
casting cavity is a drop of metal from one level to a 
lower level within this cavity. There is frequently a 
great temptation to introduce the metal into the 
casting at some level above the lowest point in the 
mold cavity. Major molding economies may be re- 
alized, as for example by molding part of a deep cast- 
ing in the drag but introducing the metal at the part- 
ing line. Then, too, better conditions of directional 
solidification may often be attained by introducing 
the metal at some level other than the lowest, but 
any large casting that has been so gated should be 
scrutinized extremely closely for the presence of in- 
clusions. A drop of metal from one level to a lower 
level within the mold cavity can result in the formation 
of inclusions by at least three distinct mechanisms. 

1. Cascapinc: If the drop of metal within the cast- 
ing is extreme and violent, so that the metal literally 
cascades from one level to a lower level, very obvious 
defects occur. An example of this occurs when a 
quantity of metal is accidentally spilled down a top 
riser early in the pour. Distinct lines of separation 
between the portions of metal that tumbled down 
from above and the metal that flowed from below 
are visible on the surface of the casting. Fractures 
indicate that these surface lines reflect seams having 
considerable depth, often completely penetrating the 
casting wall. 

Another way that this defect can occur is by pre- 
mature flow of metal through the upper gates of a 
casting that has gates at more than one level. If flow 
takes place through the upper gates before the metal 
has attained this level within the casting cavity, a 
defect having an appearance similar to metal-down- 
the-riser results. 
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2. AiR ENTRAPMENT: When even a small Cavity is 
filled from above, there may not be a complete dis- 
placement of the mold gases in the cavity by the in- 
flowing metal. Bubbles of gas may consequently be 
entrapped. 

3. Fiow Lines: A third mechanism by which a drop 
of metal from one level to a lower level in a casting 
can lead to inclusions is by the formation of flow 
lines. An explanation of this defect can be made 
with reference to Fig. 3. When this part is gated 
into the outer flange as in 3a, the center part of the 
casting will fill by flow down the inner web wall. 
Generally, there will not be a uniform flow around 
the entire circumference of the web; instead, a num- 
ber of individual streams of metal will run down 
into the center flange cavity. 

An envelope of protective film forms around each 
of these separate streams. The toughness of this film 
will depend on the metal temperature and on the 
length of time of exposure of the surface of the stream 
to the mold atmosphere. 

Often, such a film will become tough enough to 
be retained in the casting as a definite seam separat- 
ing the metal that flowed within the envelope from 
the metal that eventually surrounded it. These seams 
appear on the surface of the web wall as flow lines. 
Sometimes they are quite shallow and will readily 
be removed by a light buffing. Under other conditions, 
they may penetrate to a considerable depth and be 
potentially injurious to the serviceability of the cast- 
ing. Figures 3b, 3c and 3d show acceptable ways of 
gating to avoid the defect. 

Misruns and Cold Shuts. The foregoing sections have 
dealt with the important problem of avoiding in- 
jurious casting inclusions. An equally necessary func- 
tion of a sound gating system is to achieve a complete 
filling of the casting cavity. A misrun or cold shut 
is more obvious than an inclusion, and hence less 
likely to be overlooked in the inspection of the part. 
But the avoidance of defects of this class is among 
the more important gating problems facing the pro- 
ducer of magnesium castings. 

The two most obvious ways of correcting a misrun 
are to pour hotter and to pour faster. Both of these 
measures tend to increase the drossing tendency of 
the metal. For this and other reasons, there are other 
measures that are often preferable to raising pouring 
temperatures and pouring rates to combat misrun- 
ning. 

Non-Uniform Pouring Rate. Lack of uniformity 
of the pouring rate throughout the duration of the 
pour is a condition frequently associated with mis- 
runs. If the gating is such that the rate of pour 
Starts out fast, then slows down markedly toward the 
end of the pour, misrunning of cope portions of the 
casting is common. Enlarging the sprue is usually 
not the solution to this problem. Usually, a plugging 
of the screening system is found to be at the root of 
this trouble. Methods of correcting this problem have 
been discussed previously. 

Another cause of reduced pouring rates toward 
the end of a pour may lie in the human element. It 
is natural for the pour-off man to anticipate the end 
of the pour and purposely slow it down, to avoid 
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Fig. 4—Bosses at C may misrun from heavy demand for 
metal at B causing unusually slow rise of metal in A. 


pouring an excess of metal into the casting, only to 
have it run out of the top risers and create problems 
for the shake-out man. The pour-off man must be 
educated to the importance of sustaining a fast rate 
of pour throughout the pour-off operation, and should 
be assisted in this aim by provisions to catch harm- 
lessly any accidental overflow of metal. 

Design Conditions that Produce Misruns. A casting 
design condition that is a particularly troublesome 
source of misruns and cold shuts is the presence of a 
large expanse of thin wall lying in a horizontal plane 
at some level of the casting. It is especially difficult 
to achieve a rapid filling of a horizontal thin wall if 
there is another large cavity at the same level in the 
mold competing for the supply of metal that is being 
delivered. Figure 4 illustrates the problem. The hori- 
zontal web A must fill at the same time that the heavy 
flange B is filling. Even with a rapid pouring rate, 
there is a slow vertical rise of the metal in the mold 
while the massive flange B is taking metal. This re- 
sults in a sluggish flow of metal into the thin web 4. 
A boss or bosses C attached to the thin web tend to be 
particularly prone to misrunning, when a design 
situation of this sort prevails. 

Correction of this casting problem is sometimes 
difficult. Frequently, the best solution to the problem 
is to tilt the mold, so that the extended thin wall no 
longer lies in the same horizontal plane as the massive 
flange. This results in a more rapid filling of web 4, 
and a progressive filling from the lower to the higher 
side; thus there are no sluggish streams of rapidly 
cooling metal that are expected to join and knit to 
gether when they meet in the center of the web. 

Another point to remember when this difficult de- 
sign situation prevails is to avoid aggravating the 
problem by injudicious location of risers. From a 
feeding point of view, there is much to be said for a 
side riser of the type sketched in Fig. 5a. However, 
the addition of mold cavities that must fill during 
the same interval that the horizontal web is filling 
aggravates the misrunning problem, and for this rea- 
son, top risers as shown in Fig. 5b may be preferable. 
It is possible to achieve the advantages of both types 
of riser with the design in Fig. 5c. 

Kinetic Energy of Metal Combats Misruns. A device 
not to be overlooked in combatting misrunning is 
utilization of the kinetic energy of the stream of in- 
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Fig. 5—-Side riser (upper) aggravates condition of slow 

metal rise in web. Top riser gives better metal rise but 

poorer feeding (center). Advantages combine in lower 
application shown in lower drawing. 


flowing metal to assist in the complete filling of a 
hard-to-fill cavity. The stream of metal flowing into 
a mold acquires considerable kinetic energy. This 
is normally dissipated gradually as the large open 
risers that are common in magnesium casting practice 
are allowed to fill. If provision can be made so that 
the motion of the metal is brought to a halt abruptly, 
the sudden absorption of this kinetic energy causes 
the development of considerable pressure of the metal 
against the surrounding mold walls. This results in a 
very sharp filling out of the mold cavity. 

In practice, an abrupt halting of the flow of metal 
into a mold or portion of a mold is achieved by limit- 
ing vents or open risers into which the metal may 
flow at the moment of complete filling of the cast- 
ing cavity. If there is no place else for the metal to 
go at the moment of complete filling of the mold, 
there must necessarily be an abrupt stopping of the 
metal stream. 

If this principle is overdone, excessive pressure of 
the liquid metal against the mold wall may develop. 
This can cause penetration of the metal into the pores 
between sand grains, resulting in a very rough surface. 
Figure 6 illustrates the application of these principles 
to a small thin-walled casting. If the vent A is too 
ample, flow into the thin-walled casting may be slug- 
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Fig 6—When properly proportioned, vent A allows gases 
to escape but does not provide so much relief of metal flow 
that casting will misrun. 


gish, resulting in misruns. Eliminating vent A alto- 
gether results in high velocity of entry of metal into 
the casting cavity and the development of consider- 
able pressure promoting complete filling of the cast- 
ing cavity. 

Complete elimination of vent A is unwise (safety 
reasons discussed below) because it will usually pro- 
duce excessive entry velocity and metal pressure, 
resulting in entrapment of mold gases or excessive 
roughness of the casting surface. Ideal results may be 
obtained by selecting just the right size vent A. There 
are sometimes opportunities to apply this same prin- 
ciple to portions of large castings. 


Safety Precautions. One important safety precaution 
regarding the gating of magnesium alloy castings 
should be noted. A rapid flow of magnesium alloy 
into a blind cavity is a condition that must be avoided. 
This condition is particularly hazardous when the 
molding material is high in moisture content, or 
when it is rammed hard, or when for other reasons 
it is low in permeability. A serious explosion of the 
mold can occur, accompanied by sudden expulsion 
of the metal from the mold. 

The precautions to be taken to avoid this hazard 
are simple. Ample venting of the runner system of 
any reasonably large sized casting should be provided, 
especially when large flow rates through the sprue 
are employed. The normal risers are usually ample 
as vents for the casting cavity itself. Careful provision 
should be made to avoid the entrapment of a pocket 
of mold gases in some blind portion of the runner 
system; this provision normally takes the form of 
simple pop-ups or vents over any portion of the run- 
ner where a pocket of gases might otherwise be en- 
trapped in the initial rapid filling of the runner 
system. 

@ The foregoing sections of this paper have dealt with 
the mold-filling stage of the casting process, and with 
the avoidance of defects originating in that stage. An 
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equally important stage of the casting process is the 
solidification period. As the metal passes from the 
liquid to the solid state, it contracts in volume. Pro- 
visions must be made to compensate for this shrinkage 
contraction; otherwise a number of so-called shrinkage 
defects may occur. These include shrinks, which occur 
while the metal is still very largely in a liquid state; 
draws and microporosity, which occur after solidifica- 
tion has progressed considerably; and cracks and warp- 
age, which occur when the metal is almost completely 
solidified or later. The following sections will deal 
with these defects, their causes, and measures that are 
useful in correcting them. 

Riser Fundamentals. In discussing the solidification 
process, it is helpful to visualize the mold at the mo- 
ment of complete filling of the mold cavity, and con- 
sider in sequence the phenomena that occur as the 
metal loses its heat to the mold material. 

During the first part of the solidification process, the 
liquid metal cools to the point where solidification 
begins; there is a contraction in liquid metal volume 
during this period. A mold cavity that is completely 
full at the moment of completion of the pour obviously 
will be something less than completely full after this 
shrinkage contraction has taken place; hence the need 
for risers on the casting. If the casting is to be free of 
shrinkage voids, there must be a supply of liquid metal 
to compensate for the contraction in volume of the 
liquid in the casting cavity. 

To be an effective source of feed metal, the riser must 
be the last portion of the casting to solidify. The riser 
obviously must be able to supply liquid feed metal as 
long as any liquid shrinkage is taking place in the 
casting itself. This may be regarded as the first and 
most basic principle of risering—that the riser must 
be the last portion of the casti.g to solidify. 

While this is a necessary condition to the effectiveness 
of a riser, it is not in itself a sufficient condition to 
ensure that the riser will feed the casting effectively. 
Not only must the riser be the last part of the casting 
to solidify, but there must be a progressive solidifica- 
tion of the casting starting at points farthest from 
the riser and continuing progressively from point to 
point toward the riser, until solidification is complete. 
Referring to Fig. 7, it is evident that the riser R cannot 
effectively feed section A of the casting if section B so- 
lidifies while section A is still liquid. When section B 
solidifies, there can be no further flow of metal from 
the riser to section A. Hence any liquid contraction 
that occurs in section A after section B is solid will re- 
sult in shrinkage cavities. The second basic principle 
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Fig. 7—Riser cannot feed section A after section B 
freezes. To produce a sound casting, order of freezing must 
be A, B, finally R. 
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Fig. 8—Importance of gravity to fluid metal flow in early 
stages of solidification. Riser B (right) will not feed 
casting A. 


of effective risering, then, is progressive solidification, 
beginning at points remote from fhe riser and continu- 
ing in a direction toward the riser. Referring again to 
Fig. 7, section A must be caused to solidify first, fol- 
lowed by section B, and finally, after the casting itself 
is completely solid, riser R may be allowed to freeze. 


Positive Force Required 


A third condition necessary to the effectiveness of a 
riser is the presence of a driving force sufficient to 
cause flow of feed metal to each portion of the casting 
where liquid contraction is occurring. It is not sufh- 
cient to avoid obstructions to flow; it is necessary to 
provide a positive force that will cause flow to occur. 
This can be illustrated with reference to Fig. 8a and 
8b. Consider, in each diagram, that A is the casting to 
be fed, and that B is the riser. In each case, the dimen- 
sions of A and B are identical; in each case, assume 
thermal conditions to be ideal, with solidification be- 
ginning at the point farthest from the riser, and pro- 
gressing without reversals from point to point toward 
the riser. The only diffe.ence is that in a, the riser is 
above the casting, while in b, the riser is below the 
casting. 

In case a, from the moment the mold filling is com- 
plete and shrinkage contraction begins, there is a gravi- 
tational force promoting flow of feed metal in the 
direction from riser B to casting A. in case b, the op- 
posite is true. While there is no physical obstruction to 
flow in the direction from riser B to casting A, neither 
is there a driving force leading to flow in the direction 
from & to A. It is very likely that in the early stages 
of solidification, liquid metal will drain from casting 
A to compensate for the contraction of the large 
volume of metal in riser B, unless definite provisions 
are made to provide a force promoting flow in the 
opposite direction. 

In the very early stages of the solidification process 
(ie., before solidification has proceeded very far and 
the casting is still targely fluid), gravity is the primary 
force influencing the feeding of the casting. Later, 
when solidification has progressed to the point where a 
partly solid structure has formed, other driving forces 
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come into play. Chief among these forces promoting 
flow of liquid through the interstitial channels in the 
partly solid structure are atmospheric pressure and 
surface tension. A highly detailed discussion of these 
forces is beyond the scope of this paper. 


Temperature Gradients and Flow 


An important principle regarding the practical uti- 
lization of these forces, however, is this: The forces that 
promote flow of feed metal are increased by the exist- 
ence of strong temperature gradients. The resistance to 
such intergranular flow is decreased by strong tempera- 
ture gradients. It follows that if a strong temperature 
gradient is established from the riser toward the cooler 
portions of the casting, the riser will be able to feed the 
casting more effectively. This is a very important prin- 
ciple in the correction of microporosity, a shrinkage 
defect that occurs if there is insufficient feeding of 
liquid through the channels that are present among 
the dendrites of solid metal late in the solidification 
process. 

The basic principles governing the risering of cast- 
ings are extremely simple. The establishment of direc- 
tional solidification, starting at points farthest from the 
riser and progressing, without reversals, and with a 
strong temperature gradient, toward the riser, with the 
riser itself being the last portion of the casting to freeze 
are the conditions that result in effective risering. 
While simple in principle, some ingenuity is required 
to achieve them in practice. General principles and de- 
vices for producing the desired conditions are to be 
described in subsequent sections. 


Riser Massiveness. It has been stated that the first 
basic requirement of an effective riser is that it freezes 
last, after the casting is completely solid. What devices 
are available to secure this result? The first and most 
basic control that can be exerted to produce this result 
lies in the relative massiveness of the casting section 
to be fed and that of the riser. This is a simple concept. 
It seems obvious that a more massive section will cool 
more slowly than a lighter one. This does not neces- 
sarily mean that the riser must weigh more than the 
total weight of the casting it feeds, but it does mean 
that the weight of metal in the riser must be concen- 
trated within a relatively smaller volume. 

This principle has been stated in various ways. One 
way of stating it would be to say that the riser should 
have a large ratio of mass to surface area compared 
with this ratio for the casting. Another way this con- 
cept has been stated is by saying that it should be 
possible to inscribe a larger sphere in the riser section 
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than in the section of the casting to be fed. These are 
rather involved ways of expressing a principle which 
is really not complex enough to require an involved 
description. The simplest way of thinking of it is to 
make the riser chunkier than the casting section to be 
fed, so that it will lose temperature more slowly than 
the casting. 

Flow Patterns. Simply making the riser chunkier 
than the casting it feeds is not sufficient, however, to 
ensure that the riser will freeze last. The flow patterns 
in the filling of the mold are also important. Consider 
the casting in Fig. 9. The casting proper is a simple 
flat panel of uniform section. There is a riser A at one 
end and a riser B of identical size and shape at the 
other. The mold is filled by ingates into riser A. 

It is apparent that, at the moment the filling of the 
mold is complete, the metal in riser A will be hotter 
than that in riser B. The metal that has arrived in 
riser B was subjected to the cooling effect of flow 
through the thin wall of the casting. In contrast, the 
metal that filled riser A entered directly from the gate. 
The metal in riser A will also tend to coool more slowly 
than that in riser B, because in the filling of the mold, 
there was considerable flow of metal over the mold 
material adjacent to riser A, whereas there was little 
flow of metal over the mold material near riser B. 
It is evident that despite similar dimensions, the 
two risers will be at different initial temperatures and 
cool at different rates, as a result of the particular flow 
patterns in the filling of the mold. 

In the case illustrated, it is even possible that certain 
portions of the casting itself may remain liquid after 
riser B has frozen. Specifically, the solidification of the 
portion of the casting quite close to riser A wiil tend 
to be retarded. This portion of the casting is close to 
the hot riser A and it is surrounded by mold material 
which was preheated by the flow of much metal over 
it. These factors tend to keep this portion of the 
casting hot. Meanwhile, the metal that was pushed up 
into riser B had already given up much of its heat in 
travelling to its final position in the mold. It came to 
rest in contact with cold mold material that still re- 
tained its heat absorbing capacity. Despite the relative 
chunkiness of riser B, it is likely to lose temperature 
rapidly by virtue of these conditions. 

It is a great fallacy to assume that simply making the 
riser chunkier than the casting will ensure that the 
riser will freeze last. A completely different pattern of 
solidification may result in a casting than would be 
predicted purely on the basis of the relative section 
thicknesses involved. Many shrinkage defects that at 
first appear to contradict the principles of directional 


GATE Fig. 9—Metal in risers B and A will 
be at different temperatures and cool 
at different rates because gate connects 
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Fig. 10—(lett)—-Top pouring, ideal for this casting from 
thermal standpoint, cannot be used because inclusions 
may result. Fig. 11 (right)—This gating system avoids 
inclusions but gives poor feeding because the coldest 
metal is in the riser. 


solidification are understood if recognition is given to 
the effect that flow patterns may have on the actual 
temperature conditions in the solidifying casting. 


Flow Patterns in Vertical-Walled Castings. Castings 
that have considerable vertical depth pose an interest- 
ing problem in achieving favorable flow patterns. As 
brought out earlier, bottom gating of magnesium 
alloys is conducive to greatest freedom from inclusions. 
Bottom gating does not lead to the most favorable 
thermal conditions, at least in the case where top riser- 
ing is necessary or desired. Consider a simple vertical 
panel as a typical element of a deep vertical-walled 
casting, and examine the modes of filling and risering 
this casting cavity. 

Assume first that the panel is to be top risered as in 
Fig. 10. How should the gating be planned to ensure 
maximum feeding effectiveness of this riser? From the 
point of view of achieving ideal thermal conditions, 
direct top pouring into the riser would be best. The 
first metal poured would end up farthest from the riser, 
and would lose some of its heat in travelling to that 
position. It would preheat the mold material sur- 
roundir the riser in its flow over this portion of the 
mold. The riser metal would have the least distance 
to travel and consequently would be the hottest at the 
moment of completion of the pour. This flow pattern 
would serve to promote the ideal condition of starting 
solidification at the point farthest from the riser, and 
prome*ing progressive freezing back toward the riser. 


Hottest Metal Remote From Riser 


Of course, this method of pouring a magnesium 
casting is ruled out by considerations of avoiding cast- 
ing inclusions. If avoiding dross inclusions were the 
only important consideration, a natural way to fill the 
cavity would be by bottom gating, as indicated in Fig. 
11. But note that the flow patterns created by this 
gating method are completely opposed to the estab- 
lishment of the desired thermal conditions. With this 
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gating, the coldest metal comes to rest in the riser; the 
hottest metal at the point farthest removed from the 
riser. The mold material in contact with the casting is 
preheated by the flow of much metal over it while that 
surrounding the riser is relatively cold at the moment 
of completion of the pour. All of these conditions 
tend to retard the solidification of the casting and 
accelerate the solidification of the riser. By making 
the riser sufficiently massive, it may be possible that 
these initial adverse thermal conditions may be re- 
versed early enough so that the riser will freeze last. 
At best, however, thermal gradients during the critical 
solidification range will be weakened if filling patterns 
are thus unfavorable. 

A number of expedients have been proposed to 
reconcile these divergent interests of producing filling 
conditions that will both achieve good freedom 
from inclusions and promote favorable thermal condi- 
tions. A compromise solution might be represented by 
Fig. 12. In practice, any drop of metal from one level 
to a lower level in the casting cavity carries with it the 
danger of forming inclusions, and for this reason the 
author has not found this “middle gating” principle 
useful in practice. 

Step gating, as represented in Fig. 13, has been pro- 
posed as.a possible solution. Research® at the Naval 
Research Laboratory has been directed at perfecting 
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Fig. 12 (left)—-Middle gating, a compromise between top 
and bottom gating, is not desirable because metal is sub- 
jected to tumbling action in mold cavity. Fig. 13 (right )— 
Step gating works if flow pattern in upper gates is not 
established prematurely or is set up in reverse direction. 
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Fig. 14 (left)—-Slot gate assumes vertical flow in cylindri- 

cal well A and horizontal flow through B. Fig. 15 (right) 

—Tubular screen in cylindrical well guarantees horizontal 
flow through slot gate as metal rises. 
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this method for ferrous metals. Apart from the expense 
entailed in molding this type of gate, there is a serious 
technical objection. One cannot be sure that the higher 
ingates will actually be operative in the filling of the 
mold. 

The first metal will necessarily enter the lowest 
ingates, and the bulk of flow in the entire filling of the 
casting may continue through this preheated path. If 
the lower ingates are choked down in the attempt to 
avoid this effect, there may be a-premature flow 
through the upper gates, resulting in a drop of metal 
within the casting cavity. Thus, a delicate balance must 
be achieved for the step gating principle to work, and 
the exact geometrical conditions to achieve this deli- 
cate balance are not readily arrived at. 

The slot gate is represented in Fig. 14. The easy 
machining of magnesium and the utility of this gate 
in solving certain feeding problems have made it a 
popular gate for magnesium. In using this gate, a 
filling pattern is visualized whereby there is substan- 
tially a vertical flow of metal in the cylindrical well A 
and a horizontal flow of metal through the slot into the 
casting cavity. Actually, there is no assurance that this 
type of flow will occur. The initial flow of metal will 
be by entry into the base of the casting cavity, and the 
bulk of later flow may continue to follow these paths 
that are established early in the pour. 


Screen Controls Filling Patterns 


The slot gate can be made positive and effective in 
its promotion of proper filling patterns by the incor- 
poration of a tubular screen,® as shown in Fig. 15. The 
tubular screen is effective in producing horizontal flow 
of metal in the slot at each new level that the metal 
attains; thereby, the casting cavity is filled esesntially 
by the depositing of successive layers of hot metal at 
successively higher levels in the casting cavity, with 
the riser filling directly from the gating system. If the 
screen diameter is large in relation to the rate of de- 
livery of metal to it, there is an effective filtering action 
by the screen and a quiet flow of clean metal into the 
casting. There is no drop of metal within the casting 
cavity. The method satisfies successfully the various 
conditions desired both for maximum cleanliness and 
best thermal conditions for casting soundness. 

In using the cylindrical well with its concentric 
tubular screen, there is no need to confine the shape 
the ingate to the vertical slot configuration. Bottom 
gating with hot shots to the riser, as in Fig. 16, is 
common. Step gating at any level is feasible. The well 
may be used as a riser, with junctions into various sec- 
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7 Fig. 16 (lett}—Concentric tabular 
S screen permits wide variety of ingates 
to be used successfully w:thout prema- 
ture flow into ingates at higher levels. 
Fig. 17 (center)—Bottom riser, as- 
sisted by gravity feed of cylinders R, 
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supplies hot metal to vertical-walled 
casting. Coldest metal rises to top of 
mold cavity, promoting favorable ther- 





y. mal gradients. Fig. 18 (right)—Side 
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risering with bottom gating attempts 











to put hot metal in riser R by way of 
Channels A. 


tions of the casting at intermediate levels. In use, it 
is found that premature flow into the ingates at the 
higher levels is not a problem, yet these higher ingates 
definitely become effective as paths of flow when the 
metal reaches their level in the mold. This gating de- 
vice is recommended as an adaptable and highly useful 
solution in a great number of mold filling and feeding 
situations. 

Bottom Feeding. The problem of getting hot metal 
into a top riser without flowing the riser metal through 
the casting can sometimes best be solved by eliminating 
the top riser. Figure 17 shows the application of a 
bottom feeder to a simple vertical panel. It is readily 
seen that especially favorable thermal gradients are 
promoted by this method of gating. There is a mini- 
mum of flow of metal through the casting cavity. The 
coldest metal ends up at a point most distant from the 
riser. The riser itself fills directly from the gate. Note, 
however, that the riser openings R are essential to the 
successful functioning of a bottom feeder. 

They serve two vital purposes. First, they provide the 
driving force promoting flow from the riser to the 
casting early in the cooling process. The metal in the 
riser begins to lose heat and contract in volume as 
soon as the pour is complete; if the openings R were 
not present, there would be a drainage of liquid metal 
out of the casting under the force of gravity to com- 
pensate for this contraction, resulting in shrinkage 
defects. If the bottom riser is generously backed up by 
the openings R, however, the latter will supply the 
liquid needed to compensate for the shrinkage of the 
bottom riser, and a static pressure of the metal against 
the walls of the mold will be maintained until the 
casting has had time to solidify. 

Improper thermal conditions for feeding will also 
result if the riser openings R are omitted. Visualize the 
flow conditions that result from the omission of these 
openings. When the metal has reached height h in the 
mold, the riser is full, and begins to lose heat to the 
surrounding mold material. Meanwhile, fiow con- 
tinues through the base of the casting until the mold 
is entirely full. At the moment of complete filling of 
the cavity, the metal at the base of the casting is ex- 
tremely hot, and it is surrounded by rm i material that 
has been preheated by flow of metal: _r it. The metal 
in the riser has been stagnant for .a appreciable 
period, and has lost much of its heat to the surrounding 
mold material. This can result in the solidification 
of the riser earlier than the metal in the base of the 
casting cavity, with the formation of shrinkage defects 
in the last metal to solidify. 
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Cc Fig. 19—Cross section of casting in 
Fig. 7, showing where defects may 
occur with inadequate feeding. 








The presence of the riser openings R assures that 
flow will continue through the riser as long as there 
is flow into the casting. This keeps the riser hot and 
open and allows it to stay liquid long enough to 
effectively feed the casting. It can be stated as a gen- 
eralization that blind bottom feeders into the base of 
a deep vertical-walled casting are seldom effective; they 
can often be made effective by extending their height; 
sometimes they must extend the full height of the 
casting. 

Bottom risering is not always applicable as an 
alternative to top risering; often there is a section near 
or at the top of the casting that is too massive to be 
fed through the casting and must be risered directly. 
Figure 18 illustrates what might be termed side riser- 
ing with bottom gating. An attempt is made to fill the 
riser directly from the gating, so that the riser metal 
does not flow through the casting cavity. Sometimes 
this device can be employed effectively, but there is 
never complete assurance that the upright runners A 
will actually be operative in the filling of riser R. 

It is seen that the planning of the gating of a casting 
to promote proper flow patterns is a complex problem, 
for which no simple formulas can be offered. The 
specific design of the part will have a major bearing 
on the selection of the best method; there is also 
much room for the exercise of individuality and good 
judgment on the part of the foundryman. 


Riser Spacing. The question of how many risers to 
use and how far apart to space them is one that must 
be decided in planning the rigging of a casting. A dis- 
cussion of risering practice should cover this subject 
and offer any useful generalizations that are known. 
It is difficult to offer quantitative generalizations as to 
riser spacing for this reason: In general, the heavy 
sections of a casting are risered; if these are fed ade- 
quately, the adjoining webs, ribs, and connecting 
walls get sufficient feed metal from the risered heavy 
sections to satisfy their needs. The spacing of the heavy 
sections of a casting is fixed by its function, and usually 
cannot be greatly modified to facilitate the casting of 
the part. 

In a casting of intricate design, it is obviously not 
possible to feed by a separate riser every boss, flange, 
or other massive section that is separated from other 
massive sections by intervening thin walls. The ques- 
tion must often be cecided as to whether to provide 
a riser for a particular massive section or whether to 
attempt to feed it through surrounding thinner-walled 
sections. 


Referring to Fig. 7, it is frequently possible to feed 
a massive section A through a web B with the riser 
R at some distance from A as shown. Section 4 is 
chunkier than web B and therefore tends to cool more 
slowly than B. If B freezes off while A is still under- 
going liquid shrinkage, a shrinkage defect will occur. 


Overcome Cooling Tendency 


The tendency for A to cool more slowly than B can 
often be overcome. Chills may be employed to hasten 
the solidification of A. Flow patterns can be employed 
which will produce flow of metal through B but limit 
flow over the mold material in contact with A, thereby 
favoring the early solidification of A. The following 
factors determine whether the massive section A can 
be fed successfully from riser R through web B: 

1. The massiveness of section A. The more massive 
it is, the greater the feeding problem. 

2. The thickness of web B. The thinner the web, 
the greater the feeding problem. 

3. The distance from riser R to massive section A. 
The greater the distance, the greater the feeding 
problem. 

4. The pouring temperature. Highez pouring tem- 
perature generally promotes better feeding of a massive 
section such as A through a thin web such as B. 

5. The feasibility of establishing favorable flow 
patterns in filling the mold. Flow of metal through B, 
and avoidance of flow over the mold material in 
contact with A, favor the feeding of the latter. 

6. The alloy involved. Some magnesium alloys are 
much more prone than others to the various shrinkage 
defects. 

If these six factors are sufficiently favorable, the 
massive section A will be successfully fed. If not, a 
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Fig. 20—Large base on riser levels steep temperature 
gradient, tends to result in microporosity in circle. 
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shrinkage defect will occur. When conditions are high- 
ly unfavorable, a shrink into the massive section will 
occur. If the conditions are almost, but not quite, ade- 
quate for successful feeding, the location of the defect 
is usually at the junction between massive section A 
and web B; the defect in this location may be a shirk, 
a draw, or microporosity. 

To correct a defect of this kind, the addition of chills 
to the massive section is often effective. It is important 
to remember that the purpose of the chill is to hasten 
the solidification of the massive section, so that it will 
solidify while the web is still open. This objective has 
an important bearing on the positioning of the chill. 
Figure 19 shows a cross-section of the casting in Fig. 7. 
If feeding is inadequate, microporosity will occur in 
the general location indicated by the sketch. The 
porusity is concentrated at the junction of the massive 
section and the web, and extends out into the web 
itself toward the riser. There may or may not be a 
surface shrinkage defect in the fillet area as indicated 
by the arrow. 

A radiograph of the whole casting will disclose 
prominently the portion of the microporosity in the 
thin wall; the porosity within the heavy seciion may 
be concealed due to the rapidly changing section thick- 
ness at this point. Any chills should be placed on the 
surfaces indicated by the short arrows. They should 
not be placed on the surface adjoining the area dis- 
playing the largest amount of porosity, as indicated 
by the bracket. Such chilling would aggravate the 
conditions causing the defect, by hastening the solidifi- 
cation of the web. 

If chilling is not sufficient to correct the defect, the 
possibility should be considered of favorably adjusting 
one or more of the six factors listed above. The massive- 
ness of the heavy section can sometimes be reduced by 
eliminating excessive machining stock. Padding be- 
tween the heavy section and the nearest risered section 
in order to, in effect, increase the web thickness is often 
effective. Moving the riser closer to the massive sec- 
tion is technically sound, but often ruled out by design 
considerations. The adjustment of flow patterns to 
establish more favorable thermal gradients is some- 
times feasible. Raising the pouring temperature often 
helps to reduce the incidence of defects of this type 
in a part having extreme section-thickness contrasts. 

If no combination of the above measures is both 
practical and effective in correcting the defect, the 
possibility must be considered of applying a separate 
riser to the massive section. Do not expect this to be a 
sure-fire solution! Two massive sections which are close 
together but separated by a thin section create a diffi- 
cult feeding problem. The thin area between the two 
massive sections is particularly prone to porosity or 
draws, which do not always respond to separate riser- 
ing of the two massive sections. Frequently, the only 
effective solutiox: to such a problem is the addition 
of metal to blend the two massive sections together. 


Riser Junctions. A very important aspect of the 
risering of magnesium alloy castings is the design of 
the junction of the riser with the casting. A concen- 
tration of porosity is often found in the riser junction. 
Some of the best planned feeding systems, while pro- 
ducing nearly ideal overall thermal conditions for 
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Fig. 21—-Smaller riser neck (see Fig. 20) gives improved 
solidification pattern but hot spot still exists in area en- 
circled in drawing. 
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Fig. 22—-Distinct separation of main mass of riser from 
casting allows casting to freeze well ahead of riser in 
approved thermal pattern. 


general soundness of the casting, fall short by inducing 
concentrated spots of porosity at the locations where 
the feeders are connected to the casting wall. An ex- 
ample that could be mentioned is the slot gate em- 
ploying a tubular screen. This type of gate is very 
effective in producing the desired flow patterns, there- 
by introducing hot metal into top risers without ex- 
cessive flow of metal through the casting cavity. 

Excellent general quality can be achieved in cast- 
ings using the slot gate, even when alloys having a 
high porosity tendency are specified. Yet, the slot 
gate has to be abandoned for many castings because of 
the presence of a band of objectionable porosity at the 
line of junction of the slot with the casting wall. 

In alloys that have a strong tendency toward micro- 
porosity, elimination of this defect requires that a steep 
temperature gradient be established from the cooler 
portions of the casting toward the riser. Some types of 
riser junctions lead to a very weak thermal gradient in 
the general area where the riser and the casting join. 
Consider Fig. 20. A fixed (fastened to the pattern) 
riser is used to feed the horizontal panel casting 
shown. Solidification begins at the point farthest from 
the riser, and proceeds in the direction of the massive 
riser. Gradients are high until a point directly under 
the riser is reached. At this location, there is no strong 
tendency for the portion of the casting immediately 
under the riser to freeze in advance of the riser itself. 
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Fig. 23—Three ways to riser flange. Porosity often re- 
sults with a and b; c is usually successful. 


Casting and riser are all part of one large mass of 
metal. High gradients being absent, microporosity is 
likely to remain in the metal that is last to freeze, 
which may correspond roughly to the circle sketched. 

This junction can be improved by going to a loose 
riser as sketched in Fig. 21. This modification moves 
the main mass of the riser away from the casting 
proper. The casting has a much improved chance to 
freeze completely while the riser is still hot and fluid. 
But there is still a relatively massive section at the junc- 
tion location as indicated by the circle. The mold ma- 
terial was preheated in this area by the flow of metal 
over it in the filling of the mold. Even with this im- 
proved junction, the circled area can solidify only a 
little in advance of the riser. With some alloys, the 
weakness of the gradient induces microporosity in this 
area. Figure 22 illustrates a usually effective solution 
to the problem. It is seen that the main mass of the 
riser is distinctly separated from the casting, and a 
junction is provided that becomes progressively, but 
gradually, heavier in the direction of the riser. This 
allows the casting to freeze well ahead of the riser, un- 
der a high temperature gradient. 

Figure 23 illustrates ways of risering a typical cast- 
ing flange; a and b frequently lead to a porosity prob- 
lem at the junction; ¢ illustrates a method that is 
usually successful. 


Thermal Gradients. It has been shown that one of 
the basic requirements for effective feeding by risers is 
directional solidification. Thermal gradients must 
exist such that the portions of the casting farthest from 
the riser are coldest, with a continuous temperature 
rise in the direction of the riser. Even weak thermal 
gradients are normally sufficient to prevent visual, sur- 
face shrinkage defects. The prevention of internal 
microporosity, however, depends on the establishment 
of strong thermal gradients, particular with certain 
alloys. Microporosity has its inception late in the 
solidification process, after a considerable network of 
solid phase has formed. At this stage, there must be an 
intergranular flow of liquid through the channels re- 
maining in the solid network, to compensate for the 
contraction of the remaining liquid phase. Micro- 
porosity results when this intergranular flow is inad- 
equate. 

Steep thermal gradients serve both to enhance the 
driving forces and reduce the resistance to such flow. 
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Many times, therefore, the correction of microporosity 
depends on the ability to strengthen low thermal 
gradients in the affected area. An understanding of 
the devices and design conditions conducive to high 
gradients is essential to the intelligent attacking of 
the microporosity defect. 

It is instructive to consider how thermal gradients 
develop in a solidifying risered casting. A good dis- 
cussion of the development oi thermal gradients in a 
risered casting is found in a paper by R. W. Ruddle.? 
Consider the simple vertical panel, risered at one end, 
as sketched in Fig. 24. Assume that this casting cavity 
can be filled in such a way that, at the moment of com- 
plete filling, the metal temperature is uniform at each 
point in the casting and in the riser. Make the further 
simplifying assumption that the mold material in 
contact with the casting surface is initially at the same 
temperature at all points. At once, heat is transferred 
through each portion of the casting surface to the 
surrounding mold material. Naturally, the tempera- 
ture of the metal drops and the temperature of the 
mold material rises, as a consequence of this heat 
transfer. 

Inasmuch as there is a lesser quantity of heat in the 
relatively thin-walled casting per unit of exposed sur- 
face than there is in the more massive riser, the casting 
will cool faster. As the casting drops in temperature 
below the temperature of the riser, there is a flow of 
heat along the axis of the casting from the riser, tend- 
ing to equalize the metal temperature at all pornts. 
The result is the development of a thermal gradient, 
from hottest at the riser to coolest at points farthest 
removed from the riser. In this way, the very act of 
risering a casting of uniform section sets into play 
powerful natural forces tending to set up the type of 
thermal gradients that are desired for effective feed- 
ing. A riser, in addition to its function as a reservoir 
of liquid feed metal, can be regarded as a reservoir 
of heat. The flow of heat from this reservoir is im- 
portant to the establishment of the conditions neces- 


sary to the flow of liquid. 
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Fig. 24—Thin-walled casting with hot metal reservoir 

would freeze under ideal conditions if it could be filled 

completely with metal all at same temperature at moment 
of filling. 
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Highest thermal gradients exist when the casting is 
falling in temperature rapidly and the riser is falling 
in temperature slowly. These conditions are easiest to 
achieve when the casting is thin walled. The mold 
material surrounding a thin-walled casting has enough 
heat-absorbing capacity to extract the contained heat 
of the casting rapidly, producing a rapid drop in tem- 
perature. Further, when the wall is thin, there is a 
limited cross section available for axial flow of heat 
from the riser. Thus natural conditions tend to lead 
to very steep thermal gradients in a thin-walled 
casting. 

Steep temperature gradients are less readily attained 
in a heavy-walled casting. The mold material in con- 
tact with a heavy casting wall soon rises in tempera- 
ture to the point where it can extract heat only at a 
much reduced rate. In a heavy-walled casting, there is 
a large cross-sectional area available for axial flow of 
heat from the riser. Consequently, the flow of heat 
from the riser is sufficient to more nearly equalize the 
metal temperature from point to point in a heavy- 
walled casting. 


Wall Thickness and Microporosity 


It would seem, therefore, that there would be a 
simple relationship between the ease of avoiding 
microporosity and the wall thickness of the casting. 
It should be easy to induce steep gradients in a thin- 
walled part and thereby achieve maximum soundness; 
harder to achieve steep gradients in a heavy casting, 
and therefore harder to attain complete freedom from 
microporosity. This generalization is true within 
limits; a further complication arises, however, in the 
occurrence of some extremely thin-walled castings. 

While it is true that steep gradients are rapidly es- 
tablished in a risered, thin-walled casting, such gra- 
dients are not established instantaneously; it takes a 
certain amount of time for heat flow from the riser to 
establish the gradients desired. The solidification of 
an extremely thin-walled casting may be so rapid as 
to allow insufficient time for the establishment of 
proper thermal conditions. Steep gradients are of no 
avail in combatting the formation of microporosity 
if they are not established until the casting has already 
passed through the critical solidification range. 

An extremely thin-walled casting tends to freeze so 
rapidly that random thermal conditions set up by the 
flow patterns in the filling of the casting become im- 
portant. If there has been a channel of flow over a 
particular portion of the mold material in the filling 
of a very thin-walled casting, the metal in contact with 
this preheated mold material tends to stay liquid a lit- 
tle tco long, and be isolated from feed from the riser 
by rapid freezing of the metal in surrounding areas. 
Eventually, the riser’s performance as a heat reservoir 
irons out the chance initial reversals in thermal gra- 
dient, but not always early enough in relation to the 
time that the casting passes through the critical freez- 
ing range. 


Intermediate Thickness Best 


For these reasons, it is easier to achieve steep tem- 
perature gradients at the right time in castings of in- 
termediate wall thickness than it is either in very 
thin-walled or very heavy-walled castings. In general, 
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microporosity is easiest to avoid in castings having an 
intermediate wall thickness. The author’s experience 
would indicate the range from 5/16 in. to 34 in. as be- 
ing the easiest range to work in. 

What corrective measures are in order to avoid the 
streaks of porosity associated with chance flow pat- 
terns in extremely thin-walled castings? The follow- 
ing are suggested: Use numerous risers, with junctions 
relatively close together. Do not expect a given riser 
to be able to set up proper gradients in a wide expanse 
of very thin wall, early enough to insure proper gra- 
dients during the critical stages of solidification. In 
using these numerous, closely-spaced risers, introc uce 
the metal directly into the risers from the gating sys- 
tem; avoid the flow of a large quantity of metal 
through a particular portion of thin wall. Higher 
pouring temperatures tend to provide more time for 
the establishment of the proper gradients—soon 
enough to be effective. 

At the other extreme of the wall-thickness range, 
the establishment of best thermal conditions for 
soundness again becomes difficult. It has been seen 
that the basic cause of low gradients in a heavy-walled 
casting is the slow rate of temperature drop of the 
casting, combined with a large cross section for heat 
flow from the riser. Fundamentally, the way to steepen 
gradients in a heavy-walled casting is to increase the 
rate of heat extraction from the casting at the time that 
it is cooling through the critical solidification range. 
The most generally applicable practical way to do this 
is by heavy chilling of a heavy wall, using a chill mate- 
rial of greater heat-absorbing capacity than the normal 
mold material possesses. 

It is also helpful to avoid preheating of the mold 
material in contact with a heavy-walled casting, by 
avoiding excessive flow of metal over the mold mate- 
rial in the filling of the casting. Employment of low 
pouring temperatures also tends to promote a faster 
rate of cooling through the critical zone. Very slow 
pouring of a heavy-walled, vertical casting, with direct 
pouring of the last metal into top risers, is an effective 
device in promoting steeper gradients in a casting of 
this design. 

When microporosity due to inadequate thermal gra- 
dients is encountered in a heavy-walled casting, the 
instinct to increase the massiveness of the risers should 
be resisted. Increasing the mass of the riser may ag- 
gravate the problem by delaying the solidification of 
the casting until the mold material has soaked up still 
more heat, and become less able to extract heat rapidly 
from the casting. Sometimes low gradients in a heavy 
casting can be steepened by moving the riser farther 
back from the area that is a problem, or by reducing 
the mass of the riser. The general method of attacking 
this problem is not to keep the riser hotter longer, but 
rather to cause the casting to get cooler quicker. The 
practical approaches to this objective are: (1) Wider 
spacing of risers. (2) Heavy chilling of the casting. (3) 
Avoidance of excessive flow of metal through the cast- 
ing. (4) Slow filling of a vertical cavity, with direct 
pouring of the last metal into a top riser. (5) Avoid- 
ance of excessively high pouring temperatures. 


Chilling. Chilling practice is so intimately related to 
the risering of magnesium alloy castings that a discus- 
sion of risering would be incomplete without mention 
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of the role of chills. Chills are an extremely valuable 
tool in the production of high quality magnesium al- 
loy castings. It can be said that this tool makes pos- 
sible the production of many parts that would be of 
inferior quality without it. 

The most common chill material is cast iron. Aside 
from its cheapness and availability, it has the advan- 
tage of being unreactive with magnesium; its magnetic 
property facilitates its removal from the mold ma- 
terial. 

Chills improve the quality of a magnesium alloy 
casting entirely by their effect on progressive sclidifica- 
tion and thermal gradients; they are never used merely 
to modify the metallographic structure of the metal 
by virtue of accelerating the freezing rate. They are 
used primarily to prevent shrinkage defects. They can 
do this in two ways: 

1. By producing a localized hastening of the solidi- 
fication rate, as, for example, when a massive boss or 
flange is to be fed through a thin section. Chilling of 
the heavy boss or flange may cause it to freeze early 
enough that it may be fed before the thin section has 
frozen off. 

2. By producing a general acceleration of the freez- 
ing rate of an extensive area or portion of a casting. 
General chilling of a heavy section of a casting may be 
used to steepen thermal gradients and thereby reduce 
the tendency toward microporosity. 

Both of these uses of chills have been discussed 
earlier in this paper. 

Chilling Effects of Webs and Fins. A common de- 
sign condition involves a thin web or fin branching 
out from a heavy casting wall. Such a web or fin exerts 
a strong, localized chilling effect on the heavy wall. 
Figure 25 exemplifies this design condition. Either the 
web A or the fin B will act as a cooling fin, providing 
a large surface for dissipation of heat into the mold 
material, and thereby exerting a localized chilling ef- 
fect on the heavy section C at the junction location. 
Such a web or fin can seriously disrupt the feeding of 
the heavy section from the riser, by its chilling action. 
Visual draws are commonly observed in the heavy 
wall just below such cooling fins. 

Sometimes, the natural chilling effect of a web can 
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Fig. 25—Web A or fin B acts as radiator, thus extracting 
heat from heavier casting wall and exerting localized chill- 
ing effect. 
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be used to good advantage. The risering can be so 
arranged as to make use of the chilling action of the 
web to favor desired patterns of directional solidifica- 
tion. 


Cracking. Hot cracks are a shrinkage defect that can 
be troublesome with magnesium alloys. They are es- 
pecially prevalent in thin-walled parts that solidify 
around a large internal core. The natural shrinkage 
of the casting after solidification is almost complete is 
resisted by the strength of the core. Stresses may be set 
up which exceed the strength of the hot casting, lead- 
ing to formation of cracks. 

Far more effective than gating modifications in the 
correction of hot cracks is relief of restraint. If a thin- 
walled part must be cast around a large internal core, 
it is desirable to make the internal core of green sand 
when possible. When this is not possible, special soft 
core sand mixes are sometimes effective. Occasionally, 
internal cores must be hollowed out to reduce their 
resistance to the natural contraction of the casting. 

Coarse-grained metal has very low resistance to hot 
cracking. Even simple parts not subjected to unusua! 
conditions of restraint during cooling may develop 
hot cracks if the grain refinement of the metal is poor. 


Warpage. After the solidification of a casting is com- 
plete, it must still undergo further contraction in the 
process of cooling to room temperature. During this 
period, the overall dimensions of the casting decrease. 
To compensate for this, a shrinkage factor must be 
added to all blueprint dimensions in the construction 
of the pattern. 

With some designs, there is a greater problem than 
a mere uniform decrease in all major dimensions of 
the casting during this cooling period. Some designs 
are subject to non-uniformities in the contraction of 
the part, leading to warpage. Figure 4 illustrates a 
type of casting design wherein a warpage problem is 
common. The casting is a circular disc-shaped part 
having a relatively thin wall bounded by a massive 
rim. To achieve best conditions of directional solidi- 
fication for maximum soundness, the normal gating 
practice on this part would be to riser the heavy rim, 
gating into these risers. The innermost portions of the 
casting would solidify first, and solidification would 
progress outward to the rim, with the risers themselves 
freezing last. 


Outer Rim Contracts 


With this mode of solidification, the inner web of 
the casting is quite cool, and has undergone much of 
its shrinkage contraction, by the time the outer rim 
has become completely solid. In cooling to room tem- 
perature, the outer rim will naturally contract in 
diameter. This contraction will be resisted by the in- 
ner web which, as has been said, has already undergone 
most of its shrinkage contraction and has developed 
considerable rigidity. The effect of this lag in the cool- 
ing of the outer rim behind that of the inner web is 
frequently an “oil-canning” or “dishing” of the inner 
web; it is forced out of a flat plane into a conical shape 
to allow the outer rim to assume its natural diameter. 

Sometimes, little can be done about this problem, 
other than to build the pattern in such a way as to 
compensate for the distortion that occurs in the cast- 
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ing of the part. If the outer rim is not too heavy, it is 
sometimes possible to correct the warpage by center 
risering the casting. If the outer rim can be made to 
freeze off in advance of the inner web, by use of chills 
if necessary, it may be fed from a center riser through 
the web; the conditions giving rise to warpage are 
thereby avoided. However, if the outer rim is too mas- 
sive, or too far removed from the center of the casting, 
or if the inner web is too thin, then the rim must be 
risered directly to achieve soundness, and such risering 
is likely to delay its solidification behind that of the 
inner web. 

Most problems of casting warpage have a similarity 
to the example cited above. The basic cause is gen- 
erally a non-uniformity of section thickness in the de- 
sign. Usually, the solidification of some heavy flange 
lags behind that of an adjoining thin section, resulting 
in a distortion of the thin wall when the heavy sec 
tion attempts to shrink to its natural dimensions. 

The problem can sometimes be solved by takin, 
steps to hasten the solidification of the heavy flange, 
making its freeze earlier, if possible, than the adjoin- 
ing thin wall. When it is necessary to riser the heavy 
flange, care should be taken not to aggravate the prob- 
lem by employing a continuous massive riser, even 
heavier and slower cooling than the flange itself. In- 
dividual risers at suitable intervals are preferable. 
Many times the only practical solution to a warpage 
problem lies in the pattern construction; allowances 
must be made in the shape of the pattern to compen- 
sate for the expected distortion. 
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SOLIDIFICATION OF VARIOUS METALS 
IN SAND AND CHILL MOLDS 


F. A. Brandt,* H. F. Bishop* and W. S. Pellini** 


ABSTRACT 


Solidification characteristics of various ferrous and non-ferrous 
alloys and pure metals cast in chill and sand molds are deter- 
mined by thermal analysis. Thermal gradient conditions exist- 
ing during solidification and solidification curves are illustrated. 
Heat transfer factors which determine relative solidification 
rates and solidification band features of various metals are 
discussed. 


Introduction 


This investigation is part of a long range program 
aimed at establishing solidfication characteristics of 
metals and their relationships to foundry problems. A 
series of reports!:2.3,4 have been issued which describe 
the solidification of steels, gray irons, nodular irons, 
bronze and aluminum as influenced by mold varia- 
bles. This information was applied to problems of 
risering, feeding range, pressure tightness, hot tearing, 
etc. in a series of related investigations. It was dem- 
onstrated that variables related to these factors which 
are ordinarily classed as “foundry characteristics” may 
be defined more rigorously in terms of solidification 
characteristics. For example, the development of cen- 
terline shrinkage in certain metals and dispersed 
shrinkage in others may be ascribed directly to dif- 
ferences in solidification characteristics. 

This report presents data of solidification character- 
istics for a variety of important metals which have 
not been investigated previously. The relationship of 
solidification characteristics to the phase transforma- 
tions of the metal and the thermal characteristics of 
metal and mold have been described previously.* In- 
asmuch as the results of this investigation provide 
further corroboration of the described relationships, 
a minimum of discussion will be made of this subject 
and only a brief introductory review will be given for 
purposes of orientation. 


Procedures 


Thermal analysis procedures used in this investi- 
gation were the same as described for the previous 
studies. The test castings were of square cross sec- 


* Metallurgist, Metal Processing Branch, and ** Supt., Metal- 
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tion, 20 in. high, tapering from 714 in. square at the 
top to 634 in. square at the bottom. Chill mold cast- 
ings were surrounded on the four vertical sides by 
mild steel chills having a thickness of 214 in. Sand 
mold castings were made in a synthetically-bonded 
sand of AFS fineness No. 80, containing 3 per cent 
bentonite, 114 per cent dextrine, 14 per cent cereal 
binder and 314 per cent water. The thickness of the 
sand was 4 in. The chill castings were fed with risers 
7 in. in diameter and 12 in. high while risers on the 
sand castings were 12 in. in diameter and 12 in. high. 
All castings were bottom gated through a sprue 
molded in a separate flask. 

In the case of pure copper and the corrosion resist- 
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Fig. 1—Illustration of thermal analysis procedures. 
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TABLE | 
| Pouring 
Metal Flement, % Element, % Element, % Element, % Element, % Temp, F 
Pb Cu — 05 Sn — 05 Pb — Bal 650 
Steel Cc — 063 Mn — O81 Si — 066 2800 
7% Si Al Si — 6.6 Cu — @8 Al — Bal 1200 
414% Cu Al Cu — 44 Si — @22 Al — Bal 1250 
814% Mg Al -_=. Be « 1200 
Cu Cu — 99 2050 
88-10-2 Cu — 874 G&Sna — 108 Pb — Bal 1900 
60-40 Cu — 55 Mn — O51 Fe — 0.70 Sa — 068 Zn — Bal 1775 
Monel Cu — 27.7 Ni — 663 Fe — 6.2 Si a Se “Ss = BX 2500 
12% Cr Stainless c — 013 Mn — C8 FF — O41 Cr — I22 Ni 2.7 2950 
18-8 Stainless* Cc — 004 Cc& — 17.7 Ni — 8.3 Fe — al 2800 
18-8 Stainless? Cc — 020 Cr — 169 Ni — 9.1 Fe — Bal 2800 
Sand Mold ? Chill Mold 
TABLE 2 
ae Ratio : al 
Solidi: Solidification Time, Min S. T. Sand Specific Heat of Thermal 
fication Heat Fusion Conductivity, 
Liquidus, F Solidus, F Ranges;F Sand Chill Graphite §.T.Chill  cal/cc/°C cal/cc cgs 

Lead 99%, 615 600 15 30 4.7 65 3.5 68 "083 
63% C Steel 2690 2570 120 48 om 9 5.3 1.24 525 .076 
Al 7% Si 1130 1045 85 83 7.4 11.2 62 250 36 
Al 414% Cu 1190 1060 (1000) 130 (190)} 76 4.7 16 65 260 33 
Al 814% Mg 1115 1000 (855) 115 (260) 70 5.2 13.5 58 235 21 
Cu 99.8% 1990 1985 5 33 3.6 9.2 81 450 94 
88-10-2 1840 1550 290 86 4.3 20.0 8 320 13 
60-40 1645 1625 20 39 4.1 9.5 .76 300 .28 
Monel 2435 2340 95 62 9.7 6.4 1.15 600 06 
12% Cr 2710 2670 40 44 9.8 4.5 1.16 545 .06 
18-8 2640 (2680) 2610 30 (70) 45 9.7 4.6 95 555 05 


Note (1) 


Figures in brackets refer to lower solidus temperatures and wider solidification range in chill castings resulting from cor- 
ing effects, ie., segregation resulting in the development of eutectic liquid in the central regions of the casting noted only 


for the case of chill castings for these alloys. In the case of 18-8 the different liquidus temperature is ascribed to chem- 
istry differences. In all other cases the liquidus and solidus temperatures were determined to be the same for chill and 


sand molds. 
Note (2) 


Specific heat and thermal conductivity refer to values at 20 C (68 F) 











TABLE 3 
Specific 
Heat Conductivity 
Mold Material Cal./cc/°C Cal/ (sec) (cm?) (°C per cm) 
Steel (Below Sol.) 1.15 0.07 
Graphite (1400 C, 2550 F) 0.28 0.28 
Sand (1173 C, 2145 F) 0.42 0036 





ant alloys, satisfactory temperature measurements 
could not be obtained in the standard sand castings 
because these metals reacted with the silica protec- 
tion tubes and contaminated the thermocouples dur- 
ing the long time interval required for completion of 
solidification. To obtain data for these alloys in sand 
molds a geometrically similar test bar with cross sec- 
tional dimensions of 314 by 314 in. was employed. 
Because of the shorter solidification times the silica 
tubes afforded adequate protection for the thermo- 
couples. For the comparisons intended the data thus 
obtained were calculated to that which would have 
been obtained in the standard test casting by using 
Chvorinov’s formula’ which has been demonstrated 
to be accurate for castings of simple geometry. 
Figure 1 shows the gating arrangement and details 
of the thermocouple and recorder assembly of a test 


mold. Thermal analyses were based on temperatures 
measured across the casting in a plane at the mid- 
height of the casting where the cross section was 7 x 7 
in. The chemical analyses and pouring temperatures 
of the various alloys investigated are in Table 1. 

The thermal properties of the various alloys (also 
mold materials) as taken from the literature* and 
liquidus-to-solidus ranges as deduced from the cool- 
ing curves of the center position are presented in 
Tables 2 and 3. It should be noted that the thermal 
constants are presented in volumetric rather than the 
conventional weight terms in order to permit more 
direct comparisons between the various materials 
without density complications. 


Interpretation of Thermal Data and Solidification Curves 


The temperature conditions which exist at various 
points in the cross section of the castings at various 
times during solidification provide the basic data re- 
quired to determine the progress of solidification 
from the mold wall. When the temperature drops 
below the liquidus at any given point, it is deduced 
that solid has formed (start of freeze) and when the 
Note: The literature presents only sketchy and sometimes con- 


flicting thermal constants for many of the materials. The con- 
stants listed in Table 2 should be considered as approximate. 
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Fig. 7—-Temperature-distance-time curves for 60-40 brass. 


and “end of freeze” curves of these metals are shown 
graphically in Figs. 13 to 16. For the case of sand 
castings the time scale is compressed by a factor of 10 
compared to the chill castings. 

The solidification curves describe the existence and 
position of three zones: (1) liquid, (2) mushy (solid 
and liquid intermixed) and (3) solid, at the various 
times. Thus, it is possible by reference to these 
curves to establish the relative fractions of the dis- 
tance from surface to center which consists of liquid, 
solid and mushy metal at any given time. 

The vertical distance between the “start” and “end” 
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Fig. 9—Temperature-distance-time curves for 18-8 stain- 
less steel. 


of freeze curves which corresponds to the width of 
the mixed solid and liquid zone defines the mode of 
solidification. A narrow separation between the curves 
indicates a highly progressive solidification which is 
characterized by the formation of a solid skin at early 
times. Conversely, a wide separation between the 
curves indicates slightly progressive solidification; in 
extreme cases general solidification may occur 





2500 





CHILL MOLD 





2450 





2400 


2350 


7 
2250 
9 
2200 
2150 
2100 
\ 

of \ 

\ 


2000' — l 1 AY 


3 2 | 0 
DISTANCE FROM INTERFACE - IN. 


g 





TEMPERATURE - °F 




















OSs Saree ees 





3 2 | 
DISTANCE FROM INTERFACE -IN 


Fig. 10—-Temperature-distance-time curves for monel. 
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Fig. 11—Temperature-distance-time curves for commer- 
cial purity lead. 


throughout the section with the formation of a solid 
skin delayed until the casting is 90-95 per cent solidi- 
fied. Because of the difficulty of assigning definitive 
adjective terms of the degree of progressiveness it is 
suggested that the nature of solidification be described 
in terms of the band width, for example, “narrow” 
or “wide” band solidification. If this convention is 
adopted the difference between directional and pro- 
gressive (wall growth) solidification will be more 
readily understood since terms such as, “narrow” 
and “wide” band clearly refer to conditions of wall 
growth. 
Comments Relative to Freezing Mode 


The principal factors which determine whether 
wall growth will be of narrow or of wide band type 
are illustrated in Fig. 17 reproduced from a previous 
report. As may be deduced from this figure the 
width of the band is established by the distance of 
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Fig. 13—-Solidificatior. diagrams for various aluminum 
alloys; 7-in. x 7-in. bar castings. 
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Fig. 14—-Solidification diagrams for various copper alloys; 
7-in. x 7-in. bar castings. 
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Fig. 15—Solidification diagrams for various stainless 
alloys; 7-in. x 7-in. bar castings. 


separation of the liquidus and solidus temperatures in 
the casting. The effects of the various factors on the 
band width are self evident from the illustration and 
do not require further explanation. 

As may be observed from the various solidification 
curves of Figs. 13 to 16 the process of wall growth 
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Fig. 17—Wall growth factors. 


is always less progressive in sand molds than in 
chill molds. The degree of difference between the 
two varies somewhat; metals which show narrow band 
features in chill molds generally retain these features 
in sand and metals which show wide band freezing in 
chill change to exaggerated wide band freezing in 
sand. Lead and copper are examples of the first case 
and the aluminum alloys of the second case. 

Metals which have low to moderate conductivity 
and a wide solidification (liquidus to solidus) range 
are most sensitive to changes from chill to sand. 
This is demonstrated by monel, 18-8 steel, and bronze 
which change from wide band freezing in sand molds 
to narrow band freezing in chill molds. For such 
metals the use of chills in foundry practice provide 
not only control over local solidification rates but 
also over the nature of wall growth. For example, 
chills are highly effective in promoting pressure tight- 
ness in gun metal bronzes*® and in eliminating ten- 
dencies to hot tearing in steels. In both cases the 
effects involve a change from wide band freezing 
with a late development of solid skin to narrow 
band freezing with early development of a com- 
pletely solid skin. 

The action of graphite is of particular interest. In 
comparison to gray iron or steel chills, graphite has 
markedly higher conductivity but lower specific heat. 
Apparently, this combination leads to the same rela- 
tive heat diffusivity (rate of heat removal) character- 
istics as noted for steel and gray iron chills. It is 
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observed that the solidification characteristics of the 
steel which was cast into the graphite mold are closely 
similar to those observed in the metal molds. 


Comments Relative to Solidification Times 

Solidification times are basically determined by the 
amount of heat which must be removed from the 
metal and the rate at which the mold material can 
remove this heat. Chill molds which remove heat 
at faster rates than sand molds naturally expedite the 
process of heat removal and result in faster solidi- 
fication. For conditions of the same mold material, the 
specific properties of the metal which favor rapid 
solidification are as follows: 

(1) Low heat of tusion. 

(2) Low specific heat (liquid and solid). 

(3) Short liquidus to solidus range. 

(4) High temperature level of solidification. 

(5) High thermal conductivity of the solidifying 
metal. 

(This is of primary importance in the case of 
chill molds.) 

In sand molds the conductivity of the solidifying 
metal has little effect on solidification time because 
the low heat diffusivity of the sand controls the rate 
of heat flow from the casting. In chill molds, con- 
ductivity is important because the rate at which heat 
may be moved from the center to the surface of the 
casting influences the rate of heat absorption by 
the chill. A peculiar case arises for metals such as 
aluminum which have higher conductivity than the 
steel chill. In such cases, the chill removes heat no 
faster than the casting can transfer heat to the 
interface, as indicated by the very high interface tem- 
peratures (close to the solidus of metal) which are 
developed (see Fig. 3). In the case of metals of low 
conductivity the interface temperatures of the chill 
are maintained at relatively low levels (see Fig. 8). 

The freezing times of the various metals in sand 
and chill molds are summarized in Fig. 18. The ratio 
of the freezing times are also presented to facilitate 
comparison. It is noted that the same order is not 
maintained for the two cases and that the relative 
ratios of freezing time in sand compared to chill vary 
from 4 to 20, in the majority of cases the ratio falls 
in the range of 4 to 10. 

When the various factors are considered the differ- 
ences in relative solidification times may be rational- 
ized. For example, the relatively low freezing ratios of 
lead, steel, 12% Cr stainless, 18-8 and monel (approxi- 
mately 5 compared to 10 or more for the others) may 
be explained on the basis that these metals have low 
conductivities compared to the reminder of the group. 
This serves to increase the relative times in the case 
of chill mold but not in the sand thus affecting the 
time ratios. 
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DISCUSSION 


Chairman: W. A. Maver, Oberdorfer Foundries, Inc., Syra- 
cuse, N. Y. 

Co-Chairman and Secretary: H. F. Bishor, Naval Research 
Laboratory, Washington, D. C. 

Vicror Pascukis (Written Discussion):* The material pre- 
sented by the authors is extremely interesting. Following their 
line of approach, it should be possible to come to more nearly 
rational analysis of the phenomena involved. 

In studying the text the following comments and questions 
come to mind: 

1. It would be desirable to correlate all results on the basis 
of a characteristic figure. One such figure, which would appear 
plausible, is a ratio of the product (conductivity volumetric 
specific heat) for the two materials: casting and molding. Pos- 
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sibly even more significant would be the ratio of the square 
roots of these products. 

However, a tabulation of solidification x against characteristic 
figure shows not a significant correlation. Obviously, the pouring 
temperature also must be considered. An attempt was made 
to derive a correlation between the above-mentioned charac- 
teristic figure and the ratio of superheat/liquidus temperature, 
also this did not lead to a definite relationship. The solidifica- 
tion range would also influence the results. With three para- 
meters to consider, there are not enough data to show a definite 
correlation and more studies would be necessary. 

2. In the section “Comments relative to freezing mode”, the 
author states “Metals which have low to moderate conductivity 
and a wide solidification range are most sensitive to changes 
from chill to sand”. However, the 0.63 steel seems to contradict 
this statement. 

3. In the section “Interpretation of thermal data and solidi- 
fication curves” reference is made to “progressiveness” of solidi- 
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fication. It would be possible to find a precise expression for 
such progressiveness in the form of a ratio of times as follows: 

“time to reach the solidus/time to reach the liquidus” 
This ratio should be shown for the freezing of the part of the 
casting which solidifies last. 

4. In Table 3, the conductivity of graphite is shown as 0.28 
cal/sec, cm C. This figure holds only for room temperature; at 
a temperature of 1500 F, the conductivity has dropped to rough- 
ly one-fifth of the above value. Reference is made, for example, 
to Paschkis’ “Industrial Electric Furnace and Appliances” v.1, 
p-125. 

5. With reference to Figs. 14 (top) and 16 (top) it is obvious ° 
that two lines (start and end) can be obtained only because the 
cast metals were not pure. In case of Fig. 16 (lead) it is in- 
teresting to note that the relatively small impurity creates so 
wide a freezing range. 


Columbia University, New York. 





Introduction 





In the machining of cast irons, it has been found 
that the cutting characteristics are affected by the 
microstructure of the iron rather than by the usual 
criteria of hardness and strength. Since the structure 
can be determined readily by microscopic examina- 
tion, it is being used as a guide in setting of machin- 
ing conditions in the shop. In order to acquaint 
readers with the microconstituents of cast irons im- 
portant in machining, the first portion of this paper 
is devoted to thus subject. 
Structure Found in Cast Irons 

Cast irons are characterized by the presence of free 
graphite within the structure. This free graphite may 
be (1) in the form of flakes as found in the conven- 
tional gray irons; (2) in the form of nodules as found 
in malleable irons; or (3) in the form of spheres as 
found in ductile or spheroidal graphite irons. See 
Fig. 1. 
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Gray iron with flake graphite 


Malleable iron with nodules of graphite 
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In addition to free graphite the microstructure of 
cast iron may contain pearlite, ferrite, steadite and 
free carbide as important constituents. See Fig. 2. 
Pearlite is usually the major constituent found in the 
majority of cast nons. Pearlite may be decomposed 
into ferrite and graphite by annealing; and hence, 
annealed irons tend to have free ferrite as an addi- 
tional constituent and iron can be completely an- 
nealed to transform all of the pearlite into ferrite. 
The pearlite itself can be coarse or fine, the former 
producing the weaker and the latter producing the 
stronger iron. Steadite is a constituent present usually 
in small quantities in common gray irons. It is an 
eutectic of iron, carbon and phosphorus, and when 
present in small quantities it has little effect on the 
machining properties. Free carbide is an extremely 
hard and undesirable constituent from the stand- 
point of machining. In more conventional irons only 
small quantities of free carbide are present. When 
iron is cooled extremely rapidly, free carbide may be 
present in large quantities. 

The softer constituents are more easily machined 
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Ductile iron with spheroidal graphite 


Fig. 1—Forms of graphite in cast irons. The white background in all of the structures above is ferrite. 
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Fig. 2—Common constituents in cast irons. 


than the harder; hence, irons containing ferrite are 
the most easily machined while those containing ex- 
tremely fine pearlite and those especially which con- 
tain free carbide are the more difficult to machine. 
Table 1 indicates the vast differences which exist in 
the microhardness of cast iron constituents. 

The structure obtainable in a casting is primarily 
a function of the cooling rate and the chemical compo- 
sition of the iron. Slowly cooled castings tend to pre- 
cipitate some free ferrite and produce as major 
constituents coarse pearlite and coarse graphite. 
Rapidly cooled castings tend to form fine pearlite- 
graphite and tend to precipitate free carbide. The 
presence of excessive quantities of silicon in the mix 
has the same effect as slow cooling, that is, silicon 


TABLE 1—HARDNEss OF CAST IRON 
MICROCONSTITUENTS 





Knoop Microhardness 


Microconstituent 100 gram load 


15-40, 


Graphite 

Ferrite 215-270 
Pearlite 300-390 
Steadite 600-1200 
Carbide 1000-2300 





acts as a graphitizer and tends to decompose pearlite 
into free ferrite and graphite. 

The microstructures of flake graphite cast iron are 
shown in Fig. 3 arranged in order of decreasing tool 
life which incidentally is in order of improved 
strength. 

The flake graphite network present in gray irons 
tends to decrease the strength and ductility of the 
iron. When graphite is present in the form of nodules 
or spheres the strength and ductility are increased 
over that of flake irons for a given matrix structure. 
Thus malleable irons or ductile irons have much 
higher physical strength than flake graphite irons of 
the same matrix structure. Annealed ductile iron 
containing free ferrite as its matrix structure has a 
higher tensile strength than the strongest flake graph- 
ite irons containing fine pearlite. 

Since the ferritic structure or softer constituent ma- 
chines mor» easily than pearlitic or harder constit- 
uent, it is .»und that the higher-strength annealed 
ductile iro machines far better than the lower 
strength zs-cast pearlitic iron. In general then it is 
found that there is a good relationship between the 
matrix structure of the iron and its machining prop- 
erties. However, as previously pointed out there is 
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Wearland on Flank 








Fig. 4—Diagram showing tool wear. 


a not too good correlation between the strength of 
an iron and its machining, since the strength depends 
so much on the form of the graphite. 


Machinability of Cast lrons 

The nan in the shop is primarily interested in 
three con. derations when he has to machine cast 
iron or any other material for that matter. The first 
is the tool life, the second is surface finish, and the 
third is the power requirements. These three factors 
are known as the machinability factors and of these, 
tool life is the most important. What the man in the 
shop wants to know specifically is the relation of tool 
life to speed and feed for the tool that he wants to 
use in machining of irons. 





MACHINING CHARACTERISTICS OF CAST IRONS 
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Fig. 3—Effect of structure on the 

practical turning sped is illustrated. 

Consistent with other requirements, 

the structures tc the left are preferred 
for improved tool life. 


The tool life of a cutting tool should first be de- 
fined. In general, the tool begins to wear immediately 
after it is put in use. As the tool is continued in ser- 
vice a wearland develops on the flank or the clearance 
side of the tool. See Fig. 4. It is this wearland which 
usually necessitates the withdrawal of the tool for 
resharpening. When this wearland becomes large, 
the tool heats up excessively, and also heats up the 
work piece excessively, and tends to produce work 
distortion and sometimes poor surface finish. The 
excessive heating of the tool accelerates tool wear. 
If this wearland becomes too great, there is danger 
that part of or the entire cutting edge may break 
away. 

The tool life may be abruptly ended when a por- 
tion or the entire edge of the tool breaks away. This 
type of tool failure is highly undesirable and indi- 
cates poor machining procedure, such as, improper 
tool material or excessive chatter. Uniform tool wear 
is the desired type of tool failure. 

A carbide tool is removed from service usually 
when the wearland reaches a maximum of .030 in. 
or before. In roughing cuts, the wearland is often 
permitted to reach this maximum value. On finish- 








wemwat £m 44h B47 At OF MAIER. 218s 11ers 


~~ TOTAL VOLUME METAL REMOVED 





NS 








M. Fiz. AND J. F. KAHLES 





B00 





g 
¢ 


milling; 0.030 











~ 
° 
° 


FERRITE- GRAPHITE 


\ 


\- 





on 
¢C 
c 





e 
¢ 
c 


\ 


a 
> 
> 




















TOTAL VOLUME METAL REMOVED-CUBIC INCHES 























2°) PEARLITE-GRAPHITE 
IRONS 
300 N 
\ COARSE-195 BHN ™~e 

200} AK MEDIUM-215 BHN 

“‘ FINE- 216 BHN 
100 

° ——) 
° == 
200 400 600 800 1000 = t200 








CUTTING SPEED-FEET PER MINUTE 



































o 

Ww 

> 

: 

w 300 

c 

~ % 210 F.P.M. 

az 

& oer. ——s 

tw 2 200 aa ° 

= —_ 

we wn 290 F.P.M. 

= S 100 + 
a O 

4 | 
= 010 020 2030 04 
2 FEED PER TOOTH—INCHES 


Fig. 6—Volume metal removed per tooth vs. feed per 

tooth in carbide milling. Same cutting conditions as in 

Fig. 5. Cast iron milled is a medium pearlite gray iron 
with 5% free carbide. 


ing cuts, it may be necessary to remove a tool when 
the wearland reaches 0.010 in. to 0.020 in. in order 
to maintain the surface finish and accuracy require- 
ments. 

It is thus noted that there is a measurability aspect 
to tool life, namely, the magnitude of the wearland; 
thus tool life can be set as the point where the tool 
wear reaches 0.015 in, or 0.030 in. depending on the 
machining operation. The point where a tool is re- 
moved from service for resharpening is known as the 
“end-point.” 

In recent years there has been a_ considerable 
amount of work done in milling and turning cast 
irons. Experimental data are available which relate 
tool life to speed and feed. The tool life is given in 
terms of volume of material removed to produce a 
given wearland on the cutting tool. Usually the wear- 
land selected is 0.030 in. which is the end-point for 
a roughing cut. Since most of the milling and turn- 
ing operations are performed with carbide tools, the 
majority of the data are given for tungsten carbide 
cutting tools. Typical curves showing the relation of 
tool life to cutting speed for milling cast iron with 
a carbide face mill are given in Fig. 5. In general, it 
is observed that as the cutting speed increases the tool 


Fig. 5 (lett)—-Volume metal removed 
per tooth vs. cutting speed in carbide 
tool wear; tool 
angles; 3° axial rake, 3° radial rake, 
30° corner angle; 0.187-in. depth of 
121 BHN cut; 0.015-in. feed per tooth. 


Fig. 7 (right)—Volume metal re- 

moved per tooth vs. cutting speed in 

carbide milling; same cutting condi- 
tions as in Fig. 5. 
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Fig. 8—Volume metal removed vs. cutting speed in car- 

bide turning; 0.030-in. tool wear; tool angles; 0° back rake, 

6° side rake, 0° side cutting edge angle, 6° end cutting 
edge angle. 


life decreases. This means that at higher cutting 
speeds the tool will have to be removed from the ma- 
chine and resharpened more frequently, and hence, 
the tool cost will increase. However, the use of higher 
cutting speeds makes possible higher feed rates, and 
hence, higher production rates, so that the machining 
operation can be done more quickly. In many cases 
the higher production rates which accompany higher 
cutting speeds offset the increased tool cost, and hence, 
there is the tendency to use the higher cutting speeds. 

The relation of tool life to feed is illustrated in Fig. 
6. As the feed per revolution in turning or the feed 
per tooth in milling is increased the tool life is like-: 
wise increased, Increased feed again results in in- 
creased production rates, and hence, the higher feeds 
are desirable for both longer tool life ane quicker 
metal removal. Usually the maximum feed permis- 
sible on a milling or turning operation is determined 
by the rigidity of the work piece and machine. Thus 
for the majority of carbide milling operations, feeds 
of 0.010 in. and 0.015 in. are commonly used; whereas 
in turning, feeds of 0.010 in. to 0.020 in. are in com- 
mon use. The first step then is to select a feed as a 
function of rigidity o” work piece and machine, the 
rule being to use as igh a feed as possible which 
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Fig. 9—Volume metal removed vs. cutting speed in 
carbide turning; same cutting conditions as in Fig. 8. 


will provide adequate surface finish and accuracy. 
The next step is to select a cut speed which will pro- 
vide as high a production rate as possible keeping in 
mind the increased tool cost which accompanies ex- 
cessive tool changes. The relation of tool life to cut- 
ting speed for face milling flake graphite cast irons 
are shown in Fig. 5. It will be observed that for the 
pearlitic cast irons, the tool life increases as the 
pearlite becomes coarser. Alse note the substantial 
improvement in tool life possible by changing the 
matrix structure from pearlite to ferrite. In these 
curves, the tool life end-point was 0.030 in, Note 
that the tool life at 200 fpm was less than that at 
300 fpm. Hence, for roughing cast irons of this type 
there is no reason for using less than 300 fpm. The 
breaking off of the curve at the low speed in the case 
of 0.030 in. wear is evident only at higher wearlands, 
and is caused by a localized failure of the tool. 
Steadite, when present in quantities of less than 
5 per cent, has very little effect on tool tife as shown 
in Fig. 7. The presence of small quantities of free 
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Fig. 11A—Unit power vs. feed per tooth in carbide mill- 
ing. Same cutting conditions as in Fig. 5. 
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Fig. 10—Surface finish vs. cutting speed in carbide turn- 
ing. Same cutting conditions as in Fig. 8. 


carbide is extremely detrimental to tool life. Thus 
in Fig. 7, it is seen that the presence of 5 per cent 
free carbide reduced tool life from about 280 cu in. to 
90 cu in. at a cutting speed of 300 fpm. 


Turning Flake and Spheroidal 
Graphite Irons 

The tool life in turning flake graphite cast irons 
follows the same pattern as that of milling, Fig. 8. 
Again a vast improvement is obtained in tool life by 
converting from pearlite to ferrite. The alloyed acicu- 
lar iron which has a much harder structure had much 
poorer tool life characteristics than the pearlitic iron. 

The tool life in turning spheroidal cast irons again 
exhibits similar behavior to that of the previous irons. 
There is sufficient evidence in general to relate tool 
life to the matrix structure of cast irons, 

The tool life in cutting the flage and spheroida! 
graphite irons are superimposed in Fig. 9. It is em- 
phasized here that tool life is more a funtion of micro- 
structure than of physical strength. Thus, the an- 
nealed ductile iron with an ultimate tensile of 70,000 
psi produced the longest tool life; whereas a flake 
graphite iron with an ultimate of 45,000 psi produced 
much poorer tool life. 
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Fig. 11B—Unit power vs. feed per revolution in carbide 
turning. Same cutting condition as in Fig. 8. 








ONS 





Tn- 


LuS 
nt 


~—~—Oooe TT 





M. FreELp AND J. F. KAHLEs 


TABLE 2—-SYMBOLS AND EQUATIONS FOR MACHINING 
CALCULATIONS 








Milling Turning 





w Width of Cut, in. 
1 Length of Cut, in. 
d Depth of Cut, in. Depth of Cut, in. 
v Volume Cut per Work Volume Cut per Work Piece, 
Piece, cu in. cu in. 
f Feed per Tooth, in. Feed per Revolution 
F Feed Rate, in./min Feed Rate, in./min 
L Length Cut on Work, in. Axial Length of Cut on 
One Piece 
D Diameter of Cutter, in. Diameter of Work, in. 
’ Volume Metal Removed per Volume Metal Removed per 
Tooth, cu in. Tooth, cu in. 
S Cutting Speed, ft/min Cutting Speed, ft/min 
RPM Revolutions per Minute of Revolutions per Minute of 
Cutter Work 
T No. of Teeth 
P Unit Power, HP per 
cu in./min 
Q. Rate of Metal Removal, 
cu in./min cu in./min 
HP Horsepower Required at Horsepower Required at 
Cutter Cutter 
v=wxIxd v="7xDxdxIl 
(approx.) 


Length of Cut, in. 
Length of Cut, in. 





Unit Power, HP per 
cu in./min 
Rate of Metal Removal, 





3.82 x S$ J 3.82 x S 
RPM = —— RPM = psi 
F—f x T x RPM F =f x RPM 
O=-Fxwxd Q=fxdxsx 12 
GF = P x @ HP = P x Q 





Surface Finish 

Surface finish improves with increase of cutting 
speed in milling and turning cast irons, Fig. 10. 

The surface finish is also a function of the graphite 
flake size, the larger the size the poorer the surface fin- 
ish. The surface finish can, furthermore, be improved 
by decreasing the face angle in milling or the end 
cutting edge angle in turning. 


Power Requirements 


The machining power is usually given in terms of 
horse power required to remove material at a given 
rate in horse power per cu in./min. This unit power 
requirement is reduced as the feed per tooth or the 
feed per revolution increases, Fig. lla and I1lb. Fur- 
thermore, the unit power requirements are less for 
the ferritic irons than for the pearlitic irons. The 
power requirements increase very rapidly as the cut- 
ter wears; and hence, power requirements should be 
estimated on a basis of dull cutters to prevent the 
machine from stalling with such cutters. 
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APPENDIX 


Table 2 lists symbols for variables which are use- 
ful in making machining calculations. The use of 
important equations is illustrated for the milling of 
a medium pearlitic gray cast iron. Similar calcula- 
tions may be made for turning also by using the 
equivalent equations listed in Table 2. 
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EXAMPLE CALCULATIONS IN MILLING 


Material: Medium Pearlitic Gray Iron 
Cutter: Face Mill 6-in. dia., 8 teeth 
Cut Dimensions: 3. in. wide, 0.150 in. deep; 
Length of Work = 7 in. 
Volume Metal Removed from One Piece of Work: 
vo>wxXdx1=3 x .150 x 7 = 3.15 cu in. 
Tool Lite: 
In Fig. 5 for medium pearlite cast iron, tool life at 300 ft/min 
= 250 cu in. for one tooth 
These data are for 0.187-in. depth; for 0.150-in. depth the tool 
life would be or 250 — 201 cu in./tooth 
The tool lite for the eight tooth cutter — 
201 x 8 = 1608 cv in. 


No. of pieces milled at 300 ft/min — —— 
5 
= 510 pieces per cutter sharpening 


RPM = 3.82 x S = 3.82 x 300 — 191 RPM 
_ ae ae 
Feed Rate = F = f x T X RPM 
= 015 x 8 x 191 = 22.9 in./min. 
Rate of Metal Removal = Q 
Q=>Fxwx d= 229 x 3 x .150 = 10.3 cu in./min. 
Horse Power Required at Cutter = HP 
mr = FP x @ 
From Unit Power Chart fur Pearlitic Lron, Dull Cutter, Fig. lla 
P — .82 HP/cu. in./min at .015 in./tooth 
HP — .82 x 10.3 = 8.45 Horsepower required (At Cutter) 
Assume efficiency of Milling Machine = 80% 





8.45 
~ 80° 


DISCUSSION 


Chairman: V. A. Crossy, Climax Molybderium Co., Detroit. 

Co-Chairman and Secretary: W. C. JEFFERY, University of Ala- 
bama, University, Ala. 

E. A. Loria (Written Discussion):* This is a concise summary 
article correlating the cutting qualities of various cast irons 
with microstructure. It is another contribution from the Metcut 
staff which has been doing outstanding work in the machinabil- 
ity testing of many metals and alloys. Apparently they favor 
the use of actual tool life tests rather than pseudo or abbre- 
viated tool life tests designed to shorten the length of testing. 
It is known in the tool life testing of steels that extrapolation 
of data to lower speeds on the basis of abbreviated tests at 
higher speeds is not valid. Will they comment on the advis- 
ability of using extrapolated data from abbreviated tool life 
tests on cast irons? At very high or very low speeds, the same 
tool life values may be obtained on irons of varying hardness. 

The authors recognize the relation of feed to tool life and 
increased feed means increased production rate. Another way 
of stressing the importance of increasing feed rather than speed 
is suggested by the relative effect on tool-chip temperature. 
Doubling the production rate by changing feed instead of speed 
may result on only a third the increase in cutting temperature. 
How important is this on tool wear? As an example, increasing 
the tool temperature from -2010 to 2370 F (1100 to 1300 C) 
lowers the hardness of a high speed tool from 400 to 200 Brinell. 
This softening of the tool certainly means more rapid tool 
wear. The cutting temperature exerts a decisive influence on 
tool life whenever structural steels are cut with high speed 
tools. On the other hand, the life of high speed tools when 
used for cutting light metals depends on their wear since the 
cutting temperature is so low that it would be unable to cause 
tool failure. 

Would the authors comment on the relative merits of carbide 
tools vs. high speed tools for tool wear tests on gray iron, par- 
ticularly from the standpoint of tool chipping? The wear of 
lathe tools is far from being the same in all cases. The most 
common types are the wear on the clearance and the wear due 
to grooving or cratering back of the tool edge. In some tests 
using high speed tools, cavities developed in the tool which 
resulted in chipping and the loss of the flank wear measure- 
ment long before the wear limit for the test had heen reached. 


Then HP required at Motor = = 10.5 Horsepower 
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Also the same sort of thing has occurred with carbide tools on 
certain gray irons, especially on impact of the tool on the 
casting edge or corner at the start of cutting. The importance 
of tool geometry in this regard, particularly the nose radius, is 
realized. 

In Fig. 1, the authors show the forms of graphite found in 
three types of ferritic cast iron. Would they comment on the 
relative tool life values on machining the three different mate- 
rials? Perhaps including a chart of the sort shown with the 
series of gray iron structures in Fig. 3 would be appropriate. 
In a comparison of the machinability of malleable vs. nodular 
iron, would they comment on the effect of the scrawly graphite 
in malleable in improving machinability and the ferrite 
strengthening effects of alloying elements such as nickel and 
silicon in nodular iron in lowering machinability? 

In a technical article,* we compared the relative machin- 
ability of nodular and malleable iron when cast in the same 
section diameter and then annealed to a ferritic matrix. The 
constant-pressure lathe was used which reveals the frictional 
characteristics of the metal in a cutting operation. The average 
ratings based on feed measurements showed the malleable irons 
to be more machinable than the nodular irons. Variations in 
the alloying elements in the latter were probably responsible 
for the lower constant-pressure ratings by producing different 
degrees of ferrite strengthening of the matrix. All of these bars 
were premachined to concentric rounds before testing for we 
do recognize the importance of rims which do not represent 
the basic metal structure. Rims are not always due to condi- 
tions of anneal, composition and melting practice are often 
responsible for certain types. We do have new data which show 
that malleable irons produced from white irons decarburized 
with carbon dioxide have higher machinability ratings than 
those which were diluted with an appropriate amount of steel. 

In Table 1, the marked variation in the Knoop hardness of 
steadite from 600 to 1200 calls attention to the fact that this 
microconstituent may affect machinability to a varying degree. 
The more open, honey-comb steadite has the lower hardness 
and is the more machinable type. Do the authors have any 
information on this subject? Our own work shows that up to 
5 per cent steadite in a properly balanced iron, with respect 
to carbon and silicon controlling chill, has no detrimental 
effect on tool life. No doubt, greater amounts of steadite do 
have an effect, and the result is tied in directly with metal 
chemistry and casting section size. 

Finally, there is a rough correlation between Brinell hardness 
and the structure of pearlitic gray iron which gives an indica- 











1 Senior Engineer, Metallurgy, The Carborundum Co., Niagara Falls, N. Y. 
* E. A. Loria, ‘“‘How Machinable are the Cast Irons?’’ Jron Age, vol. 169, 
pp. 158-161 (November, 1953). 





MACHINING CHARACTERISTICS OF CAST IRONS 


tion of what the machinability will be. A Brinell hardness of 
196 to 217 would mean an open pearlitic structure while a 
Brinell hardness of 217 to 237 would indicate the presence of 
increasing amounts of free carbide from 1 to 5 per cent ‘nter- 
spersed in the pearlite. Whether or not machining difficulties 
would be encountered would depend on both the metal chem- 
istry and the wall thickness or section diameter. 

Mr. KAHLEs (Authors’ Reply to Mr. Loria): In cnswer to Mr. 
Loria’s comments, the authors wish to state that they definitely 
do not like pseudo or abbreviated tool life tests. Often, machin- 
ability data are used for planning production rates, machine 
tool requirements, plant space, and setting feeds and speeds, 
etc. Where important economic decisions of this type are in- 
volved, there is no question that full tool life tests instead of 
abbreviated tests should be used as a basis of analysis. 

While the tool life in the machining of cast iron at very 
low speeds drops off as Mr. Loria indicates, tool life generally 
does not drop as low at low speeds as at the very high speeds. 
Typical peaks are shown in Figs. 5 and 7. 

While tool temperature measurements are an aid in study- 
ing machinability problems, the authors do not use temperature 
measurements to predict tool life. Tool wear is a function of 
other factors equally as important as temperature. One of these 
in particular is abrasiveness. In the general testing of materials, 
our laboratory recommends studying machinability with car- 
bide, high-speed-steel, and cast alloy tools. Each type has its 
particular sphere of application. Most often the problem at 
hand dictates the type of tool to be used experimentally. 

Tool chipping is a difficult problem to discuss in a general 
way and would depend to a great extent on the particular 
machining problem at hand. In general, our tests have shown 
that within reasonable limits, the form of graphite in common 
nodular or malleable irons has little or no effect on tool 
life. 

Mr. Loria refers to a constant pressure lathe for analyzing 
machinability. This equipment would be helpful in providing 
direction in experimentation, but again we believe it must 
not be used for the purposes of estimating tool life where 
abrasive wear is an important factor. We have also noted that 
steadite in amounts of 3 to 5 per cent has no appreciable 
effect on tool life. We have no data on the effect of the micro- 
structural form of steadite, such as the honeycomb structure 
to which Mr. Loria refers. 

We agree that Brinell hardness often correlates the machin- 
ability of cast irons roughly; however, the correlation sometimes 
is so far off that serious consequences follow. Since one never 
knows exactly when the correlation applies, it is best not to 
rely on hardness alone. If one wishes to attempt to estimate 
tool life, we believe that a good way of doing this is to study 
microstructure along with the Brine!l hardness. 








of 


of 
er- 
ies 
m- 


ely 
in- 
ne 
ds, 


of 


ry 
ly 


ec— e's Ue Oe 








IMPORTANCE OF COOLING RATE ON 


PHYSICAL PROPERTIES 


OF GRAY CAST IRONS 


By 


Jules Henry* 


ABSTRACT 

Physical properties of gray iron castings are dependent on 
many variables, some of which have been thoroughly investi- 
gated. Cooling rate, however, has been either neglected or 
treated as section size and has not received the attention that 
an important factor should have. 

Several tests are presented which show that physical properties 
of gray cast iron can be changed by as much as 25 per cent 
when moderate changes are made in the speed of cooling 
through the lower critical temperature. 


Introduction 


Many investigators have shown that the section size 
of gray cast irons will influence its physical proper- 
ties, R. S. MacPherran! in 1929 stated “The effect of 
increasing section on high carbon and low silicon 
iron and soft gray iron is to materially and progressive- 
ly lower the tensile strength,” also “Tensile strength 
of high test iron tends to fall off as the section is in- 
creased’, H. L. Campbell? showed this same relation 
of section size to tensile strength on several irons, two 
of which are given as a typical example: 


Section Size 


0.25in. 0.375in. 0.625in. 0.865in. 1.2in. 
Tensile Strength in psi 
Iron A 50,800 38,100 $2,200 26,000 23,300 
Iron B 62,750 43,000 44,000 39,200 35,400 
Analysis of these irons were given as follows: 

T.C. Si Mn $ P 

Iron A 3.52 2.47 0.58 0.06 0.41 
Iron B $.45 1.93 0.44 0.14 0.61 


The graph by H. T. Angus, F. Dunn and D. Marles® 
in Fig. 1 is an excellent illustration of this section 
size influence where tensile strengths of different size 
test bars are plotted for different carbon equivalents. 
An excellent paper by R. Schneidewind and R. G. 
McElwee‘ presented some valuable information on 
this relation of section size to physical properties. 

This paper would like to emphasize that the con- 
sideration of section size is actually another way of 
expressing the effect of cooling rate; it is cooling rate 
that should be treated as a major factor in evaluating 
physical properties of gray cast iron. H. C. Winte® 





* Quality Control Engineer, Forest City Foundries, Cleveland, 
Ohio. 


said “In increasing section size, the factor which 
causes a decrease in the physical properties is the de- 
creased cooling rate”. H. T. Angus, F. Dunn and D. 
Marles® in commenting on their curves showing the 
relation between section size, carbon equivalent value 
and structure stated: “The relationships are shown to 
depend upon definite cooling characteristics of the 
mold material and any major change in these charac- 
teristics will affect the position of the lines in both 
strength and structure diagrams’. 

One of the dangers of considering only section size 
is that engineers may feel that there is good correla- 
tion of physical properties between test bars and cer- 
tain section sizes in castings. Actually there is good 
correlation between test bars and castings, but only 
when the cooling rate is the same. This question of 
test bar and casting correlation was considered by W. 
H. Rother and V. M. Mazurie® in 1929 when they 


TONS PER SQ. IN. 
1000 P.S.1. 





48 46 4.4 42 4.0 3.8 3.6 
CARBON EQUIVALENT 


Fig. 1—Relation between test bar size, tensile strength, 
and carbon equivalent (Angus, Dunn and Marles). 
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stated, ‘It is believed that much can be accomplished 
by casting bars having the same relative cooling rate 
as the casting.”” H. C. Winte® also stated, “A test bar 
can be used to predict the physical properties of a 
casting only when the cooling rate of the test bar is 
comparable to the cooling rate of the casting”’. 

Since cooling rate will affect the physical properties 
of gray cast iron, the question then becomes how great 
is the influence and what degrees of cooling are im- 
portant. Variations in physical properties of gray 
cast iron are dependent on the two major constitu- 
ents of the structure; namely, the graphite phase and 
the matrix. Graphite flakes are formed at or near the 
solidification temperature, while the character of the 
matrix is determined at the lower critical (or austen- 
ite to pearlite transformation) temperature. The fact 
that cooling rate through these two temperatures will 
greatly alter the structure of cast iron is well known 
and has been the subject of many papers. Even Maurer 
back in 1927 revised his original diagram to include 
cooling rates. H. W. Lownie, J..7 stated “The graphite 
structure of cast iron is determined primarily by its 
composition, cooling rate and the degree of inocula- 
tion”. This was in full agreement with R. Schneide- 
wind and C. D. D’Amico® who had shown that the 
rate of cooling has a most important influence on 
the matrix and graphite pattern. 

The full question of cooling rate is a broad subject 
and beyond the scope of this paper. Only the cooling 
rate through the lower critical temperature, that is, 
the point at which austenite transforms to pearlite or 
ferrite and graphite will be considered in this paper. 
This is not to infer that this is the most important 
cooling rate, but rather the one that is the easiest to 
control and might offer real benefits to the practical 
foundryman. 


Variation in Hardness of Castings 


The writer’s experience with the effect of cooling 
rate on the physical properties of gray cast iron goes 
back several years to the time when unusual results 
were encountered in checking some castings for hard- 
ness. Some thin-section castings were actually softer 
than heavy castings that had been poured from the 
same iron. Investigation showed that they were 
poured from the same ladle of iron and yet the 44-in. 
section castings were approximately 192 Bhn while the 
l-in, section heavier castings were well over 207 Bhn. 
This was contrary to all the information then avail- 
able which seemed to indicate that thin, light sec- 
tions should be harder than thick, heavy sections. 

Further checking revealed these castings were made 
and poured on a mechanical line and were shak- 
en out 17 minutes after pouring. This then was 
the answer — the thin section castings must have 
cooled below the lower critical temperature while in 
the sand, but the heavier castings were shaken out of 
the mold while still above the lower critical and re- 
ceived an “air quench”. Here was a definite difference 
in hardness due to a difference in cooling rate 
through the lower critical temperature since all other 
factors were presumably the same. “Hot shakeout” 
then presented an easy method of evaluating the 
amount of difference in hardness that could be ob- 
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tained by varying the cooling rate. Several castings 
could be made in the same sand and poured from the 
same ladle of iron, and then shaken out of the mold 
at various times. Table 1 shows the results of this 
method. 


TABLE 1—EFFECT OF TIME OF SHAKEOUT ON 
HARDNEsS OF GRAY IRON CASTINGS 








Time 
in Mold, Hardness, 
Type of Casting min Bhn Remarks 
Valve Body, 38 lb 13 217 T.C.-3.40; Si-2.39 
21 217 C.E.-4.20; Ni-.27 
$2 217 Cr-.18; Mo-.04; 
36 212 Mn-.76; P-.100 
40 192 
45 192 
50 183 
Piston, 18 Ib 17 187 T.C.-3.34; Si-2.44; 
25 183 C.E.-4.19; No alloy 
30 196 
35 196 
40 187 
Piston, 2214 lb 10 196 T.C.-3.24; Si-2.14; 
20 196 C.E.-3.95 
25 202 
30 207 
37 217 
40 207 
60 196 
90 163 
Piston, 2214 lb 20 207 4.10 C.E. Iron 
40 196 No alloy 


Overnight 166 
Overnight 159 


Solid Sheave, 9.2 Ib 17 217 T.C.-3.39; Si-2.21; 
17 212 C.E. 4.13; Ni-.05 
50 179 Cr-.04; Mo-.04; 
50 174 Mn-.69; P-.146 
Valve Body, 143, Ib 15 217 4.10 C.E. Iron 
20 207 No alloy 
25 196 
30 196 
35 183 
40 179 
60 163 
Valve Plug, 5 Ib 15 217 4.10 C.E. Iron 
18 217 No alloy 
48 183 
90 174 
Valve Body, 38 lb 15 202 T.C.-3.42; Si-2.37; 
50 179 C.E.-4.21; Ni-.26; 
Cr-.12; Mn-.77; 
P-.095 
Valve Body, 38 Ib 15 202 T.C.-3.38; Si-2.33; 
35 192 C.E.-4.16; Ni-.06; 
45 187 Cr-.08; Mn-.82; 


P-.098 





Variation of Hardness of Step Test Bars 


A simple test was conducted to see whether this 
same result could be duplicated under more con- 
trolled conditions. Several step test-bar molds (Fig. 
2) were made with the same sand and poured from 
the same ladle of iron. The types of irons used 
were: Test 1 and 2, 4.10 to 4.20 carbon equivalent; 
Test 3, «30 to 4.40 carbon equivalent. The value 
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Fig. 2—Step test bar. Two patterns mounted on match- 
plate, one with side gate, one with end gate. 


Tas_Le 2——EFFEcT OF TIME OF SHAKEOUT ON HArb- 
NESS OF STEP TEsT BARS 








Min in 
Mold Chill Depth 
Before Position Brinell Hardness from End 
Shakeout of Gate 34 in. Y in. Yin. in Yin. 
6 End 217 219 208 5 
6 Side 217 219 212 5 
10 End 210 212 217 514 
10 Side 214 214 212 5% 
18 End 214 214 217 6 
18 Side 210 210 212 bY 
30 End 207 214 216 5, 
30 Side 209 212 215 7 
70 End 209 214 217 6 
70 Side 205 210 215 514 
10 End 207 209 201 4, 
10 Side 210 212 207 5 
30 End 201 205 212 6 
30 Side 199 201 207 5 
100 End 196 205 209 6 
100 Side 199 202 205 5 
5 End 207 212 212 2 
5 Side 200 210 210 2 
id End 192 200 212 2 
10 Side 187 192 210 2 
17 End 189 196 212 21% 
17 Side 183 196 210 3 
30 End 196 204 217 214% 
30 Side 192 202 215 4 
70 End 185 194 214 2 
70 Side 185 194 210 3 
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Fig. 3—Effect of stripping temperature on hardness and 
tensile strength of gray cast iron (Hallett). 
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Fig. 4—Cooling curves, 1.2-in. diam by 21-in. bars, un- 
alloyed iron. 3.39 T.C., 2.42 Si, 0.62 Mn, 0.10 P, and 
0.12 S. 


for carbon equivalent was obtained by using the fol- 
lowing formula: 


C. E. = Total Carbon + % silicon. 


Each mold was then shaken out at the different times 
indicated in Table 2 and the Brinell hardness was 
checked on each section. 


Change of Physical Properties by Hot Shakeout 


To investigate the effect of cooling rate on tensile 
strength the same procedure was followed with test 
bars and castings. The bar used was the A.S.T.M. No. 
A126 test bar which has a reduced section of 1.2-in. 
diam in the center and is pulled m the as-cast con- 
dition. These results are given in Table 3. The data 
given by Hallett® shown by the graph in Fig. 3 indi- 
cates this same change in tensile strength and hard- 
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TABLE 3—-EFFECT OF Hot SHAKEOUT ON HARDNESS & STRENGTH OF GRAY IRON 














Tensile 
Time Hardness Strength, 
Casting in Mold Bhn psi T.C. Si C.E. Mn S 4 Alloys Remarks 
Test Bar 10 min 183 25,160 3.34 3.03 4.35 Valve test bar 
Test Bar 1 hr 141 19,840 3.36 3.19 4.42 Valve test bar 
Test Bar 10 min 217 35,330 3.35 2.31 4.12 Valve test bar 
Test Bar 1 hr 196 33,680 3.27 2.37 4.06 Valve test bar 
Test Bar 10 min 269 55,520 $.21 2.37 4.00 Valve test bar 
Test Bar 1 hr 241 42,050 3.32 2.37 4.11 0.25 Cr 0.20 Mo 0.30 Ni test bar 
Test Bar 10 min 235 44,300 3.13 2.21 3.97 Valve test bar 
Test Bar 1 hr 207 34,780 3.33 2.27 4.08 0.20 Cr 0.30 Ni Valve test bar 
Test Bar 5 min 212 32,107 3.35 2.23 4.09 0.76 0.111 0.132 0.22 Ni 0.13 Cr Valve test bar 
Test Bar 15 min 217 36,000 3.32 2.20 4.05 0.75 0.112 0.140 0.24 Ni 0.15 Cr 
Test Bar 1 hr 187 30,130 3.43 2.25 4.18 0.76 0.111 0.128 0.24 Ni 0.15 Cr 
Casting 17 min 217 30,200 3.39 2.21 4.13 0.69 0.146 Casting weight 
Casting 2 hr 179 23,550 3.39 2.21 4.13 0.69 0.146 9.2 lb 
Test Bar 10 min 228 40,260 3.27 2.17 3.99 0.68 0.132 0.10 Ni 0.05 Cr Valve test bar 
Test Bar 20 min 212 38,180 3.27 2.17 3.99 0.68 0.132 0.10 Ni 0.05 Cr 
Test Bar 30 min 202 35,280 3.27 2.457 3.99 0.68 0.132 0.10 Ni 0.05 Cr 
Test Bar 10 min 223 37,820 3.36 2.46 4.18 0.77 0.160 0.05 Ni 0.02 Cr Valve test bar 
Test Bar 20 min 202 35,600 3.36 2.46 4.18 0.77 0.160 0.05 Ni 0.02 Cr Valve test bar 
Test Bar 35 min 183 31,780 3.36 2.46 4.18 0.77 0.160 0.05 Ni 0.02 Cr Valve test bar 
rest Bar 10 min 212 34,690 3.33 2.57 4.19 0.65 0.106 0.12 Ni 0.01 Cr Valve test bars 
Test Bar 5 min 202 34,950 3.33 2.57 4.19 0.65 0.106 0.12 Ni 0.01 Cr Valve test bars 
Test Bar 20 min 187 33,540 3.33 2.57 4.19 0.65 0.106 0.12 Ni 0.01 Cr Valve test bars 
Test Bar 225 min 187 32,400 3.33 2.57 4.19 0.65 0.106 0.12 Ni 0.01 Cr Valve test bars 
lest Bar 25 min 179 28,930 3.33 2.57 4.19 0.65 0.106 0.12 Ni 0.01 Cr Valve test bars 
Test Bar 30 min 183 28,100 3.33 2.57 4.19 0.65 0.106 0.12 Ni 0.01 Cr Valve test bars 
Test Bar 35 min 179 28,610 3.33 2.57 4.19 0.65 - 0.106 0.12 Ni 0.01 Cr Valve test bars 
Test Bar 60 min 179 29,020 3.33 2.57 4.19 0.65 0.106 0.12 Ni 0.01 Cr Valve test bars 
Test Bar 90 min 179 31,060 3.33 2.57 4.19 0.65 0.106 0.12 Ni 0.01 Cr Valve test bars 
Test Bar 10 min 228 37,420 3.30 2.36 4.09 0.79 0.099 0.128 0.23 Ni 0.17 Cr Valve test bars 
Test Bar 30 min 196 33,640 3.26 2.30 4.03 0.79 0.097 0.118 0.22 Ni 0.15 Cr 
Test Bar 60 min 196 32,560 3.30 2.36 4.09 0.79 0.100 0.120 0.23 Ni 0.14 Cr 
Casting 15 min 223 34,280 3.26 2.37 4.05 0.80 0.100 0.136 0.26 Ni 0.17 Cr Casting weight 
Casting 3 hr 187 25,020 3.31 2.37 4.10 0.81 0.101 0.138 0.27 Ni 0.18 Cr 8.1 Ib 
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Fig. 5—Cooling curves, 1.2-in. diam by 21-in. bars, alloyed 
iron. 3.33 T.C., 2.38 Si, 0.62 Mn, 0.09 P, 0.44 Cr, 0.63 
Ni, and 0.60 Mo. 


ness due to changes in cooling rate. 

The above tests seem to indicate that the strength 
and hardness of gray iron are increased by shaking out 
castings while they are above the austenite-pearlite 
transformation temperature. The quantitative effect 
of shaking out castings at temperatures above this 
critical range was beginning to be apparent. Changing 
the cooling rate of castings and test bars in unalloyed 
cast iron with a carbon equivalent in the vicinity of 
4.10 can be varied in hardness by as much as 30 points 
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Fig. 5A—Cooling curves, 1.2-in. diam by 21-in. bars high 
silicon iron. 3.40 T.C., 2.90 Si, 0.074 S, 0.54 P, and 
0.72 Mn. 


in Bhn and 6,000 psi in tensile strength. Additions of 
a small amount of alloy might give variations of 43 
points in Bhn and 13,000 psi in tensile strength. A 
more detailed project was proposed where the cool- 
ing rate could be measured by the use of thermo 
couples inserted into A.S.T.M. “B” bars, 1.2-in. diam 
by 21-in. long. Figures 4 and 5 show the cooling curves 
obtained for two irons. Examination of these curves 
shows that the temperature arrest appears at different 
temperatures for the different types of irons. The 
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TABLE 4—EFFECT OF SHAKEOUT TEMPERATURE ON PROPERTIES OF UNALLOYED AND ALLOYED GRAY IRON 








Transverse Prop.* Tensile Lower' 
Shakeout Load, Deflection, Strength, Hardness, Critical 
Bar No. Temp, F Ib in. psi? Bhn* Temp, F 
Unalloyed Iron—3.39% T.C., 2.42% Si, 0.62% Mn, 0.10% P,0.12% S 
7-28-4 1610 2660 0.36 34,700 197 1320 
7-28-5 1470 2690 0.34 34,200 202 1320 
7-28-6 1290 2480 0.40 30,100 174 1320 


Alloyed Iron—3.35% T.C., 2.38% Si, 0.62% Mn, 0.097% S, 0.63% Ni, 0.44% Cr, 0.60% Mo 


7-29-1 1610 3750 0.44 52,900 285 1280 
7-29-2 1490 3740 0.46 52,100 285 1280 
7-29-3 1280 3750 0.46 53,200 277 1280 
7-29-4 Cooled in mold 3290 0.32 44,000 299 1280 


1 Cooling curve arrest temperature. 
*].2-in. x 2l-in. bars cast horizontally in pairs. GIRI test bar design.Cast in green sand. 
’Brinell hardness measured on cross section of 1.2-in. bar at 1% diam. 





unalloyed iron must have transformed at about 1320 Practical Considerations 
F, while the alloyed iron showed this temperature 
arrest at 1280 F. The high silicon iron appeared to 
have a temperature arrest at 1360 F as shown by the 
cooling curves in Fig. 5A. Another item of interest 
was the difference in time required to pass through 
the transformation temperature. In the case of mold- 
cooled bars about 4 min were required, while air- 
cooled bars passed through this change in 114 min. 

The results of these tests as given in Table 4 in- 
dicate that there is reason to suspect that the addition 
of alloy to cast iron increases the sensitivity of the 
iron to shakeout at high temperatures, The situation 
is aggravated by the lowering of the critical tempera- 
ture through the addition of the alloys. In this case, 
cooling the alloyed iron rapidly through its lower 
critical temperature raised the tensile strength by 
9,000 psi and the hardness by 56 points in Bhn. The 
unalloyed iron was raised only 4,600 psi tensile and 
28 points in Bhn. Only the transverse strength was 
determined on the high-silicon iron and this property 
showed the same sensitivity to cooling rate. An in- 
crease of 2000 lb in transverse strength is possible 
when this type of iron is air cooled through the lower 
critical temperature. Summary 


structure should be. 


” 


use chills, “hot shakeout, 


for the light sections. 


Changes in Structure 


The cause of this change in physical properties is the cooling rate from the slow mold cooling to the 
of course the change in structure of the iron. This faster air cooling. Much more data are needed on 
is shown in the photomicrographs in Figs. 6 to 13. It other cooling rates before exact figures can be ad- 
is readily apparent that the major change in both the vanced as to the quantitative effect of cooling rate on 
unalloyed iron and alloyed iron is in the matrix. The the physical properties of gray cast iron. 
geemoyed iron (Figs. 6 and 7) shows a fully pearlitic Acknowledgments 
matrix for the air cooling while the mold-cooled bar 
had about 20 per cent ferrite and a coarser pearlite. The author wishes to express his sincere thanks to 
The alloyed iron (Figs. 8 and 9) had an acicular all his associates and others who assisted in obtaining 
matrix for the fast cool, while slow cooling gave a the data and in preparation of the paper. Apprecia- 
coarse pearlite and 10 per cent ferrite matrix. tion is extended to D. E. Krause, Executive Director 

Figures 10 to 13 shows that there was no apparent of the Gray Iron Research institute for his valuable 
change in the graphite structure. These results are suggestions and permission to use data on which this 
fully in accord with R. Schneidewind and R. G. Mc- paper is based. 

Elwee!® who wrote “A moderate rate of cooling will Ref 
eferences 


produce a ‘balanced’ or pearlite gray iron containing 
flakes of graphite imbedded in a matrix of pearlite. 
A very slow rate of cooling, on the other hand, will 


: eae : vol. 29, p. 82. 
give a soft, weak, ferritic iron whose microstructure 2. H. L. Campbell, “Relation of Properties of Cast Iron to 
consists of graphite flakes in a matrix of ferrite”. Thickness of Castings,” Proc. of A.S.T.M., vol. 37. 


Now the question arises as to why should the 
practical foundryman be interested in cooling rate? 
Is section size not a good enough indicator of physi- 
cal properties for practical use? For many situations 
section size can be used as an estimate of the physical 
properties that might be expected in castings. But 
what of the case where a certain strength is required 
in a l4-in. section size that does not cool in the ordin- 
ary way? Complex shapes, pockets of sand, position 
of gating and type of sand are a few of the many 
factors that will upset the ordinary cooling rate and 
produce a 30,000-psi structure where a 35,000-psi 


Many foundrymen are faced with a situation where 
thin sections demand a high carbon equivalent iron, 
but engineering specifications for the heavy sections 
necessitate the use of a high strength iron. Knowing 
the effect of cooling rate, the foundryman can then 
and other means of speed- 
ing up the cooling rate of the heavy section and still 
meet the engineering demands with the iron needed 


These few tests show that the physical properties of 
gray cast iron can be considerably altered by changing 


1. R. S. MacPherran, “Effect of Section and Various Composi- 
tions on Physical Properties of Cast Iron,” Proc. of A.S.T.M., 
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Fig. 6—Microstructure of test bar 7-28-4 unalloyed iron; Fig. 7—Microstructure of test bar 7-28-6 unalloyed iron; 
air cooled. 6% nital etch. Mag.—500x. mold cooled. 6% nital etch. Mag.—500x. 
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Fig. 8—Microstructure of test bar 7-29-1 alloyed iron; Fig. 9—Microstructure of test bar 7-29-4 alloyed iron; 
air cooled. 6% nital etch. Mag.—500x. mold cooled. 6% nital etch. Mag.— 500x. 
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Fig. 11—-Microstructure of test bar 7-28-6 unalloyed iron; 


Fig. 10—Microstructure of test bar 7-28-4 unalloyed iron; 


mold cooled. Unetched. Mag.—100x. 


air cooled. Unetched. Mag.—100x. 
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Fig. 13—Microstructure of test bar 7-29-4 alloyed iron; 


-1 alloyed iron; 


Fig. 12—Microstructure of test bar 7-29 





mold cooled. Unetched. Mag.—100x. 


air cooled. Unetched. Mag.—100x. 
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DISCUSSION 


Chairman: R. A. CLARK, Electro Metallurgical Co., Detroit. 

Co-Chairman and Secretary: G. VENNERHOLM, Ford Motor 
Co., Dearborn, Mich. 

A. D. Barczak (Written Discussion):* I must concur with the 
author that the effect of cooling rate on the physical proper- 
ties of gray iron is very pronounced. Our experience with so- 
called “hot shakeout,” wherein the castings receive an “air 
quench” while still above the lower critical, is very similar to 
the results obtained in this investigation. In fact, we constantly 
make use of this fact in our daily production and thus obtain 
higher physicals and desired controlled brinell hardness without 
modifying the chemistry of the gray iron. 

We have also determined that the alloyed gray irons increase 
the sensitivity of the iron to more marked changes in structure 
and physical properties when the shakeout is above the lower 
critical temperature. 

It has been our experience also to obtain an acicular matrix 
for the fast cool with alloyed irons. From a machining and wear 
resistant standpoint, this structure is objectionable. Figure 8 
illustrates this structure. I would like to ask the author what 
type of heat treatment could be given to this type of casting to 
obtain a fine to medium pearlite and a normal graphite flake 
with random distribution and no rosettes. What would be the 
effect on the physical properties after such subsequent heat 
treatment? 

In conclusion, we wish to compliment the author on an excel- 
lent job of investigation that should profit every operating 
foundryman in producing castings of more uniform brinell 
hardness and higher physical properties through the use of 
“controlled shakeout temperatures” rather than through more 
expensive alloying. 

Victor Pascukis (Written Discussion):* This paper points 
to an important fact, namely, the relationship between size and 
cooling rates. Determination of cooling rates of a casting in 
the sand or shakeout is a procedure which is usually manage- 
able by computation. In the field of sol« ‘fication of castings 
the AFS Heat Transfer Committee has to date worked mainly 
on relatively simple shapes under assumption that ‘a casting 
composed of parts of different cross section can be conveniently 
handled as if the different parts would not inter-act. If that 
assumption is made, cooling in air can be read with great 
accuracy from existing graphs. Cooling before shakeout, how- 
ever, is mathematically more complex and no general solution 
seems to be known. However the problem can be solved easily 


1 Plant Manager, Superior Foundry, Inc., Cleveland. 
= Columbia University, New York. 
8 University of Michigan, Ann Arbor, Mich. 
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by the same means as used in studying the solidification: an 
analog computer. 

In general, a body of similar shape but greater thickness 
cools in greater length of time than a thinner piece, the time 
increasing roughly proportional to the square of thickness. 

RICHARD SCHNEIDEWIND (Written Discussion):* ‘The author 
of this paper is to be commended for presenting new quanti- 
tative data on the influence of early shakeout on mechanical 
properties of gray irons. Most foundrymen take for granted 
that cooling rate is fixed only by the size and shape of the 
casting and the molding sand. 

Cooling rates can affect the properties at three temperature 
ranges: 

a. At the freezing range where the iron could possibly freeze 
white, mottled, or gray. If gray, cooling rate for a given iron 
determines graphite size, graphite shape, and graphite distri- 
bution (dendritic or random). 

b. At the transformation range the austenite can form pear- 
lites with a wide range of interlamellar spacing. The amount 
of ferrite formed in the three-phase region can vary. In alloyed 
irons, structures other than pearlite can form. 

c. Below the transformation range two effects can take place. 
There is a small amount of tempering of fine pearlites or the 
acicular structure and a tendency for the decomposition of 
carbides to graphite and ferrite. 

Early shakeout has appreciable influence on irons containing 
carbide-stabilizing elements and elements contributing to hard- 
enability, such as, molybdenum, manganese, and chromium and 
nickel-molybdenum combinations. Chromium-silicon treatments, 
for example, should respond well since such combinations should 
control chill, inoculate to insure random graphite, and the 
presence of the chromium should permit the formation of a 
finer pearlite. In heavy sections, softening as a result of long 
periods of time in the temperature region from 1300 to 1000 F 
should be greatly reduced. 

It may be of interest to compare the test-bar properties ob- 
tained by the author with values computed by the method of 
Schneidewind and McElwee. 


Bars Computed 

Table 3 7-8 35,000 
9-10-11 34,500 

14-15-16 36,200 

17-18-19 32,400 

20 to 28 31,700 

29-30-31 35,400 

Table 4 Unalloyed 31,000 
Alloyed 44,800 


There seems to be fairly good agreement between the com- 
puted values and the reported strengths where the bars were 
not shaken out from above the critical temperature. 


Mr. Henry (Author’s Closure): The author wishes to thank 
the contributors of the discussion for their kind remarks. He is 
pleased to know that there is no serious disagreement with the 
data presented. 

Mr. Barczak’s question on the type of heat treatment required 
to change an acicular matrix to a pearlitic matrix is difficult to 
answer without knowing the casting. However, slowing the cool- 
ing rate through the lower critical temperature should accomp- 
lish the desired result. This can be done during the original 
cooling after solidification by a partial shakeout or after re- 
heating the casting to 1350 F and oven cooling. 

As indicated by Dr. Paschkis, the cooling rates of simple shapes 
can be easily computed. The cooling rate of a complex casting 
with heavy and light sections is more difficult to obtain. 

Professor Schneidewind is correct in his comments on the affect 
of cooling rate at the freezing range and at the transforma- 
tion range. The author, however, found no appreciable change 
in physical properties below the transformation temperature for 
relatively short holding times, i.e., 1 or 2 hr. 
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